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(54) PLANE POSITION SETTING DEVICE 

(57)Abstract: 

PURPOSE: To align an exposure face of a photosensitive 
board with an image face of a projection optical system 
with high precision in a projection aligner using a slit- 
scanning exposure system. 

CONSTITUTION: When a wafer is scanned being exposed 
in a Y-direction against a slitted exposing field 24, the 
leveling and focusing for the wafer are controlled based on 
the information on the focus positions which are obtained 
from the sample points AF21 to AF29 of a second row 
25B on this side against the scanning direction and from 
the sample points AF 32 to AF38 in the field 24. On the 
other hand, when the wafer is scanned being exposed in a 
-Y-direction, the leveling and focusing are controlled 
based on the information on the focus positions which are 
obtained from the sample points AF41 to AF49 of a fourth 
row 25D on this side against the scanning direction and 
from the sample points AF32 to AF38 in the field 24. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, The projection optics which projects the pattern of said mask in 
said lighting field on a sensitization substrate, It is prepared in the aligner which has the substrate side stage 
which scans said sensitization substrate synchronizing with said mask. It is field location equipment for 
doubling the exposure side of said sensitization substrate in parallel with the image surface of said 
projection optics. A multipoint measurement means to measure the height of a direction parallel to the 
optical axis of said projection optics of said sensitization substrate in two or more measure points including 
two or more points of the direction which crosses in the direction in which said sensitization substrate is 
scanned, respectively, An operation means to ask for the difference of the tilt angle between the exposure 
side of said sensitization substrate, and the image surface of said projection optics from the measurement 
result of this multipoint measurement means, It is prepared in said substrate side stage, and is based on the 
difference of said tilt angle called for by said operation means. A speed of response in case it has the 
inclination setting stage which sets up the tilt angle of the direction which intersects perpendicularly in the 
tilt angle of the direction of said scan of said sensitization substrate, and the direction of said scan and this 
inclination setting stage sets up the tilt angle of the direction of said scan of said sensitization substrate, 
Field location equipment characterized by making the speed of responses when setting up the tilt angle of 
the direction which intersects perpendicularly towards said scan differ. 

[Claim 2] Said multipoint measurement means is field location equipment according to claim 1 
characterized by sampling the height of said sensitization substrate in said two or more measure points by 
the datum reference of said substrate side stage when said sensitization substrate is scanned through said 
substrate side stage. 

[Claim 3] Said multipoint measurement means is field location equipment according to claim 1 or 2 
characterized by measuring the height of said sensitization substrate, respectively in two or more measure 
points which consist of two or more points in the field of this side at the time of said sensitization substrate 
being scanned to the inside of two or more points in an exposure field [ **** ], and said exposure field 
[****] about the lighting field and said projection optics of said predetermined configuration. 
[Claim 4] Said multipoint measurement means is field location equipment according to claim 1 
characterized by changing the location of the measure point of the sequential aforementioned plurality to 
one shot field of said sensitization substrate in the process which exposes the pattern of the sequential 
aforementioned mask. 

[Claim 5] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, The projection optics which projects the pattern of said mask in 
said lighting field on a sensitization substrate, It is prepared in the aligner which has the substrate side stage 
which scans said sensitization substrate synchronizing with said mask. It is field location equipment for 
doubling the height of the exposure side of said sensitization substrate with the image surface of said 
projection optics. In the predetermined measure point in the measurement field which consists of a field of 
this side at the time of said sensitization substrate being scanned to an exposure field [****] and this 
exposure field about the lighting field and said projection optics of said predetermined configuration A 
height measurement means to measure the height of a direction parallel to the optical axis of said projection 
optics of said sensitization substrate, An operation means to ask for the difference of the average height of 
the exposure side of said sensitization substrate, and the height of the image surface of said projection optics 
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based on the maximum and the minimum value of two or more height measurement results obtained by said 
height measurement means when said sensitization substrate is scanned, Field location equipment 
characterized by having the height setting stage which sets up the height of said sensitization substrate based 
on the difference of said height which was prepared in said substrate side stage and found by said operation 
means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industry-like field of the invention] This invention is applied to the automatic focus device or auto leveling 
device of a projection aligner of for example, a slit scan exposure method, and relates to suitable field 
location equipment. 
[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display component, or the thin 
film magnetic head is manufactured at a photolithography process, the projection aligner which imprints a 
photo mask or the pattern of a reticle (it is hereafter named a "reticle" generically) on the substrates (a wafer, 
glass plate, etc.) with which it was applied to sensitization material is used. As a conventional projection 
aligner, each shot field of a wafer was moved into the exposure field of projection optics one by one, and 
many contraction projection mold aligners (stepper) of the step-and-repeat method of exposing the pattern 
image of a reticle one by one to each shot field were used. 

[0003] Drawing 20 shows the conventional stepper's important section, in this drawing 20 , it is the basis of 
the exposure light EL from the illumination-light study system by which the illustration abbreviation was 
carried out, and projection exposure of the image of the pattern on a reticle 51 is carried out to each shot 
field on the wafer 53 with which the photoresist was applied through projection optics 52. A wafer 53 is 
held on Z leveling stage 54, and Z leveling stage 54 is laid on wafer side X-Y stage 55. Wafer side X-Y 
stage 55 positions a wafer 53 in a flat surface (XY flat surface) perpendicular to the optical axis AX1 of 
projection optics 52, and sets Z leveling stage 54 as the condition that the focal location (location of a 
direction parallel to an optical axis AX1) of the exposure side of a wafer 53 and the tilt angle of the 
exposure side were specified. 

[0004] Moreover, the migration mirror 56 is being fixed on Z leveling stage 54. The laser beam from the 
external laser interferometer 57 is reflected in the migration mirror 56, the X coordinate and Y coordinate of 
wafer side X-Y stage 55 are always detected by the laser interferometer 57, and these X coordinate and Y 
coordinate are supplied to the main control system 58. The main control system 58 exposes the pattern 
image of a reticle 51 one by one to each shot field on a wafer 53 by the step-and-repeat method by 
controlling actuation of wafer side X-Y stage 55 and Z leveling stage 54 through a driving gear 59. 
[0005] Under the present circumstances, although the pattern formation side on a reticle 51 (reticle side) and 
the exposure side of a wafer 53 need to be conjugate about projection optics 52, a projection scale factor is 
high, and since the depth of focus is large, a reticle side is seldom changed. Then, generally, by the focal 
location detection system of the multipoint of an oblique-incidence mold, it detected whether the exposure 
side of a wafer 53 would have agreed within the limits of the depth of focus in the image surface of 
projection optics 52 (is it focusing or not?), and the focal location of the exposure side of a wafer 53 and 
control of a tilt angle were performed conventionally. 

[0006] In the focal location detection system of the conventional multipoint, the illumination light which 
does not expose the photoresist on a wafer 53 unlike the exposure light EL is drawn through the optical fiber 
bundle 60 from the source of the illumination light by which the illustration abbreviation was carried out. 
The illumination light injected from the optical fiber bundle 60 illuminates the pattern formation plate 62 
through a condenser lens 61. The illumination light which penetrated the pattern formation plate 62 is 
projected on the exposure side of a wafer 53 through a lens 63, a mirror 64, and the exposure objective lens 
65, and projection image formation of the image of the pattern on the pattern formation plate 62 is aslant 
carried out to the exposure side of a wafer 53 to an optical axis AX1 . The illumination light reflected with 
the wafer 53 is re-projected on an electric eye 69 in a light-receiving side through the condensing objective 
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lens 66, the hand-of-cut diaphragm 67, and the image formation lens 68, and re-image formation of the 
image of the pattern on the pattern formation plate 62 is carried out to the light-receiving side of an electric 
eye 69. In this case, the main control system 58 gives vibration like the after-mentioned to the hand-of-cut 
diaphragm 67 through excitation equipment 70, the detecting signal from many photo detectors of an 
electric eye 69 is supplied to a signal processor 71, and a signal processor 71 supplies the focal signal of a 
large number which carried out the synchronous detection of each detecting signal, and obtained it with the 
driving signal of excitation equipment 70 to the main control system 58. 

[0007] As drawing 21 (b) shows the opening pattern formed on the pattern formation plate 62 and shows it 
to this drawing 21 (b), on the pattern formation plate 62, the opening pattern 72-1 to 72-9 of the shape of 
nine slit is formed in the shape of a cross joint. Since those opening patterns 72-1 to 72-9 are irradiated from 
the direction which crosses at 45 degrees to the X-axis and a Y-axis to the exposure side of a wafer 53, each 
projection images AF1-AF9 of these openings pattern 72-1 to 72-9 in the exposure field of the projection 
optics 52 on the exposure side of a wafer 53 become arrangement as shown in drawing 21 (a). In drawing 21 
</A> (a), it is inscribed in the circular lighting visual field of projection optics 52, the maximum exposure 
field 74 is formed, and the projection image of a slit-like opening pattern is projected on the center section in 
the maximum exposure field 74, and the measure points AF1-AF9 on the two diagonal lines, respectively. 
[0008] As drawing 2 1 (c) shows the situation of the light-receiving side of an electric eye 69 and shows it to 
this drawing 21 (c), nine photo detectors 75-1 to 75-9 are arranged in the light-receiving side of an electric 
eye 69 at a cross-joint mold, and the gobo (illustration abbreviation) which has slit-like opening is arranged 
on each photo detector 75-1 to 75-9. And re-image formation of the image on each measure points AF 
[ AF1-] 9 of drawing 21 (a) is carried out on each photo detector 75-1 to 75-9 of an electric eye 69, 
respectively. In this case, the illumination light reflected in respect of exposure of the wafer 53 of drawin g 
20 (wafer side) Since it is reflected by the hand-of-cut diaphragm 67 which vibrates around a shaft almost 
perpendicular to the space of drawing 20 (rotational vibration) while existing in the pupil posion of the 
condensing objective lens 66, As shown in drawing 21 (c), on an electric eye 69, it vibrates in the direction 
of RD whose location of the projection image by which re-image formation is carried out on each photo 
detector 75-1 - 75-9 is the cross direction of slit-like opening. 

[0009] Moreover, since the image of opening of the shape of a slit on each measure points AF [ AF1-] 9 of 
drawing 21 (a) is aslant projected to the optical axis of projection optics 52, if the focal location of the 
exposure side of a wafer 53 changes, the re-image formation location on the electric eye 69 of these 
projection images will change in the direction of RD. Therefore, nine focal signals corresponding to the 
focal location of measure points AF1-AF9 are acquired within a signal processor 71, respectively by 
carrying out the synchronous detection of the detecting signal of each photo detector 75-1 to 75-9 by the 
excitation signal of the hand-of-cut diaphragm 67, respectively. And from the focal location of nine pieces, 
the tilt angle of the average field of the exposure field 74 and the focal location of the average field are 
called for, the main control system 58 is supplied, and the main control system 58 sets the focal location and 
tilt angle (leveling angle) of the shot field concerned of a wafer 53 as a predetermined value through a 
driving gear 59 and Z leveling stage 54. Thus, in the stepper, in each shot field of a wafer 53, a focal 
location and a tilt angle are in the condition of doubling with the image surface of projection optics 52, and 
the pattern image of a reticle 51 was exposed, respectively. 
[0010] 

[Problem(s) to be Solved by the Invention] Since the pattern has made it detailed in a semiconductor device 
etc. in recent years, heightening the resolution of projection optics is called for. Although there is technique, 
such as short-wavelength-izing of the wavelength of exposure light or increase of the numerical aperture of 
projection optics, among the technique for heightening resolution, if it is going to secure the exposure field 
of same extent as the conventional example even when using which technique, it will become difficult to 
maintain image formation engine performance (distortion, curvature of field, etc.) for a predetermined 
precision all over the exposure field. Then, the so-called projection aligner of a slit scan exposure method is 
improved now. 

[001 1] In the projection aligner of this slit scan exposure method, the pattern of that reticle is exposed on a 
wafer, synchronizing relatively and scanning a reticle and a wafer to the shape of a rectangle, and the 
lighting field (henceforth a "slit-like lighting field") of circular **. Therefore, the image was equalized in the 
lighting field of the shape of said slit, and the field [****], and there was an advantage that distortion 
precision improved. 

[0012] Although the mainstream of the magnitude of the conventional reticle was 6 inch size and the 
mainstream of the projection scale factor of projection optics was 1/5 time, the magnitude of the reticle in a 
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basis 1/5 time the scale factor of this has stopped moreover, 6 inch size being of use with large area-ization 
of circuit patterns, such as a semiconductor device. Therefore, it is necessary to design the projection aligner 
which changed the projection scale factor of projection optics 1/4 time. And the slit scan exposure method 
which can make small the diameter of the exposure field of projection optics to large-area-izing of such a 
transferred pattern is advantageous also in a cost side. 

[0013] In the projection aligner of this slit scan exposure method, since the wafer was scanned in the 
predetermined direction even if it applies the focal location detection system of the multipoint mold used by 
the conventional stepper as it is and measures the focal location and tilt angle of an exposure side on a 
wafer, there was un-arranging [ that it was difficult to double an actual exposure side with the image surface 
of projection optics ]. That is, the probability of the technique for doubling the focal location and tilt angle 
of a wafer with the image surface of projection optics in the projection aligner of a slit scan exposure 
method conventionally was not carried out. 

[0014] This invention aims at offering the field location equipment which can be used in the projection 
aligner of a slit scan exposure method in order to double the exposure side of a sensitization substrate with 
high precision to the image surface of projection optics in view of this point. 
[0015] 

[Means for Solving the Problem] The illumination-light study system in which the 1st field location 
equipment of this invention illuminates the lighting field of a predetermined configuration with exposure 
light, The mask side stage which scans the mask (12) with which the pattern for exposure was formed to the 
lighting field (10), The projection optics which projects the pattern of the mask in the lighting field (12) on a 
sensitization substrate (5) (8), It is prepared in the aligner which has the substrate side stage (2) which scans 
a sensitization substrate (5) synchronizing with a mask (12). It is field location equipment for doubling the 
exposure side of a sensitization substrate (5) in parallel with the image surface of projection optics (8). A 
multipoint measurement means to measure the height of a direction parallel to the optical axis of the 
projection optics (8) of a sensitization substrate (5) in two or more measure points (AF1 1-AF59) including 
two or more points of the direction which crosses in the direction in which a sensitization substrate (5) is 
scanned, respectively (62 A, 69 A), It has an operation means (71 A) to ask for the difference of the tilt angle 
between the exposure side of a sensitization substrate (5), and the image surface of projection optics (8) 
from the measurement result of this multipoint measurement means. 

[0016] Furthermore, this invention is prepared in a substrate side stage (2), and it is based on the difference 
of the tilt angle called for by the operation means (71 A). As it has the inclination setting stage (4) which sets 
up the tilt angle of the direction (the direction of X) which intersects perpendicularly in the tilt angle of the 
direction (the direction of Y) of the scan of a sensitization substrate (5), and the direction of the scan, for 
example, is shown in drawing 5 An inclination setting stage (4) is tilt-angle thetaY of the direction (the 
direction of Y) of the scan of a sensitization substrate (5). Tilt-angle thetaX of the direction (the direction of 
X) which intersects perpendicularly in the speed of response and the direction of a scan of [ when setting 
up ] The speed of responses when setting up are made to differ. 

[0017] In this case, that multipoint measurement means may sample the height of the sensitization substrate 
(5) in the measure point of these plurality in the datum reference of a substrate side stage (2), when the 
sensitization substrate (5) is scanned through the substrate side stage (2). Moreover, the multipoint 
measurement means may measure the height of a sensitization substrate (5) in two or more measure points 
which consist of two or more points in the field of this side at the time of a sensitization substrate (5) being 
scanned to the inside of two or more points in an exposure field [****] (24), and the exposure field [****] 
of those about the lighting field and projection optics (8) of the predetermined configuration, respectively. 
[0018] Moreover, as for the multipoint measurement means, it is desirable to change the location of the 
measure point of these plurality to one shot field of a sensitization substrate (5) one by one in the process 
which exposes the pattern of a mask (12) one by one. Moreover, the 2nd field location equipment by this 
invention The mask side stage which scans the mask (12) with which the pattern for exposure was formed to 
the lighting field with the illumination-light study system which illuminates the lighting field of a 
predetermined configuration with exposure light (10), The projection optics which projects the pattern of the 
mask in the lighting field (12) on a sensitization substrate (5) (8), It is prepared in the aligner which has the 
substrate side stage (2) which scans a sensitization substrate (5) synchronizing with a mask (12). It is field 
location equipment for doubling the height of the exposure side of a sensitization substrate (5) with the 
image surface of projection optics (8). In the predetermined measure point in the measurement field which 
consists of a field of this side at the time of a sensitization substrate (5) being scanned to an exposure field 
[ **** ] (24) and this exposure field about the lighting field and projection optics (8) of that predetermined 
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configuration A height measurement means to measure the height of a direction parallel to the optical axis 
of the projection optics (8) of a sensitization substrate (5) (62 A, 69 A), The inside of two or more height 
measurement results obtained by the height measurement means when a sensitization substrate (5) is 
scanned, An operation means to ask for the difference of the average height of the exposure side of a 
sensitization substrate (5), and the height of the image surface of projection optics (8) based on maximum 
and the minimum value (71 A), It is prepared in a substrate side stage (2), and has the height setting stage (4) 
which sets up the height of a sensitization substrate (5) based on the difference of the height found by the 
operation means (71 A). 
[0019] 

[Function] In the 1st field location equipment of this this invention, in case a mask (12) and a sensitization 
substrate (5) are scanned synchronously and the pattern image of a mask (12) is exposed on a sensitization 
substrate (5), the height of a sensitization substrate (5) is measured using the multipoint measurement means 
in two or more measure points containing the measure point before the direction of the scan. And it asks for 
the tilt angle of a sensitization substrate (5) by acquiring multiple-times height information along the 
direction of a scan, respectively in the measure point of these plurality. Then, in case the pattern image of a 
mask (12) is exposed to the field to which the tilt angle was called for such, the tilt angle of the field is set 
up based on the tilt angle for which it asked beforehand. Thereby, the exposure side of a sensitization 
substrate (5) is set up in parallel with the image surface of projection optics (8) also by the slit scan exposure 
method. 

[0020] Moreover, in this invention, in case such leveling is performed, the speed of response of leveling of 
the scanning direction differs from the speed of response of the non-scanning direction leveling. In order to 
explain per [ by this ] operation effectiveness, focusing at the time of slit scan exposure and the error factor 
of leveling are explained. The following errors can be considered with the aligner of a slit scan exposure 
method. 

** A focal offset error and an oscillating error focus offset error are differences of the focal location of the 
average field of an exposure side, and the image surface of projection optics, and an oscillating error is an 
error resulting from vibration of the direction of a focus of the substrate side stage at the time of carrying out 
scan exposure etc. It divides, when carrying out one-shot exposure like a stepper as what performs only 
automatic focus control, and when exposing by the slit scan exposure method, and this is explained more to 
a detail. 

[0021] When carrying out one-shot exposure of drawing 14 (a), it shows the case where drawing 14 (b) is 
exposed by the slit scan exposure method, although the average field 34 of exposure side 5a of a 
sensitization substrate has agreed in the image surface of projection optics in drawing 14 (a) - the average 
field 34 where the focal location of locations Ya, Yb, and Yc is fixed respectively - receiving -deltaZ - 1 
and 0 differ only from deltaZ2. Therefore, the focal offset errors in locations Ya and Yb are -deltaZl and 
deltaZ2, respectively. 

[0022] On the other hand, in the case of drawing 14 (b), a series of partial average sides 3 5 A, 35B, and 35C 
on exposure side 5a and .... double one by one to the scanning direction in the image surface of projection 
optics. Therefore, the focal offset error in each locations Ya, Yb, and Yc is set to 0 by the equalization 
effectiveness, respectively. However, although the image on a location Yb is formed, since a focal location 
moves between height deltaZB(s) from average side 35B to average side 35D, the image on a location Yb 
will turn into an image with which only delta ZB had dispersion in the direction of a focus. Similarly, the 
image on a location Ya and Yc turns into an image with which only delta ZA and delta ZB had dispersion in 
the direction of a focus, respectively. 

[0023] That is, in a slit scan exposure method, although a focal offset error is set to about 0 to the 
irregularity of the sensitization substrate side below a certain constant frequency, the wavelength variation 
of the short period of rolling of a substrate side stage, pitching, vibration of the direction of a focus (Z shaft 
orientations), the error component by an automatic focus device and an auto leveling device following a low 
frequency air fluctuation error, and exposure light (KrF excimer laser light etc.) etc. produces a new error 
(oscillating error). 

[0024] ** Although it is a typical example of a focal following error, an air fluctuation error, and the 
oscillating errors that made reference by stage oscillating error ** and these are dependent on the response 
frequency of an automatic focus device and an auto leveling device, it can classify into the following errors 
further. 

(1) (2), such as a high-frequency stage oscillating error, a wavelength-variation error of the short period of 
exposure light (KrF excimer laser light etc.), etc. uncontrollable by the control system, (3), such as a low- 
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frequency air fluctuation error which a substrate side stage follows in an air fluctuation error Measurement 
error which does not turn into a focal error since a substrate side stage does not follow, although contained 
in the measurement result of a focal location detection system or a tilt-angle detection system. 
[0025] ** a field unit with the two-dimensional exposure field according [ the error of ****** by 
unevenness of the exposure side of a sensitization substrate ] to projection optics — it is — measurement of 
the focal location in the exposure side of a sensitization substrate — the measure point of a finite individual - 
- and it is an error resulting from carrying out at the time of slit scan exposure, and can classify into the 
following two errors. 

(1) For example, originate in the operation approach for the location of the measure point in the case of 
measuring a focal location by the multipoint on exposure side 5a of a sensitization substrate, and searching 
for the fields 36 A and 36B for alignment (focal field), as shown in drawing 15 (a) and (b). The error of the 
gap with the focal side 36A and an ideal focus side, and (2) Error by the difference with the slew rate of 
scan speed, an automatic focus device, and an auto leveling device, the speed of response of a focal location 
detection system, etc. 

[0026] In this case, the speed of response in the case of doubling a focal location with the image surface of 
projection optics (focal response) is determined by a time lag error as shown in drawing 15 (c), and servo 
gain as shown in drawing 15 (d). That is, in drawing 1 5 (c), curvilinear 37A shows the driving signal for the 
directions of a focus for doubling a series of subregions of exposure side 5a of a sensitization substrate with 
the image surface of projection optics one by one (target focus position signal), and curvilinear 38A shows 
the signal (flattery focus position signal) which converted the movement magnitude to the direction of a 
focus of a series of subregions of exposure side 5a into the driving signal, and was acquired. Only fixed time 
amount is behind in curvilinear 38 A to curvilinear 3 7 A. Similarly, in drawing 1 5 (d), the target focus 
position signal of a series of subregions of exposure side 5a of a sensitization substrate and curvilinear 38B 
of curvilinear 37B are the flattery focus position signals of a series of subregions of exposure side 5a, and, 
as for the amplitude (servo gain) of curvilinear 38B, only the constant rate is small to curvilinear 37B. 
[0027] With the 1st field location equipment of this invention, in order to remove these errors, the 
responsibility of the scanning direction of a leveling device and the responsibility of the non-scanning 
direction are changed. It is premised on the focal location detection system of the multipoint of an oblique 
incidence mold as a multipoint measurement means for auto leveling devices in this invention. Moreover, it 
aims at making maximum of the gap with each point of the exposure side in the predetermined field, and the 
image surface of projection optics into min regardless of the average field of the exposure side of the 
sensitization substrate in the predetermined field in the exposure field of projection optics. Thus, in the 
predetermined field in the exposure field of projection optics, the exposure field in case the maximum of the 
gap with almost all the points of the exposure side of a sensitization substrate and the image surface of 
projection optics is min is called "the good field (Good Field)." 

[0028] First, as shown in drawing 16 , it is assumed that many measure points (un-illustrating) of a focal 
location are in the exposure field 24 of the shape of a slit [****] about slit-like a lighting field and 
projection optics. In drawing 16 , width of face of the scanning direction of WX and the exposure field 24 is 
set [ the width of face of the scanning direction of the shot field SAij ] to D for the width of face of WY and 
the non-scanning direction as what scans one shot field SAij on a sensitization substrate by rate V/beta in the 
direction of Y to the slit-like exposure field 24. Moreover, by equalizing the focal location in many measure 
points in central field 24a in the exposure field 24 It asks for the focal location of the average field in the 
central point of the exposure field 24. It is based on the least squares approximation from the focal location 
in the measure point in measurement field 24b of the both ends of the scanning direction of the exposure 
field 24, and 24c, and is tilt-angle thetaY of the scanning direction of an average field. It asks. It is based on 
the least squares approximation from the focal location in the measure point in measurement field 24b of the 
both ends of the non-scanning direction of the exposure field 24, and 24c, and is tilt-angle thetaX of the non- 
scanning direction of an average field. It shall ask. Moreover, the value of fin and fh is set up independently, 
using the response frequency of leveling of fm [Hz] and the non-scanning direction as fh [Hz] for the 
response frequency of leveling of the scanning direction. 

[0029] And the period of the periodic deflection of the scanning direction of the shot field SAij on a 
sensitization substrate Bend as a value of a ratio with the width of face WY (the non-scanning direction is 
also set as the same deflection period) of the scanning direction, and it expresses with Parameter F. The 
focal error in each measure point in the exposure field 24 in case there is the periodic deflection is expressed 
with the absolute value of the average of the focal error at the time of scanning, and one third of the sums of 
the amplitude of the focal error at the time of scanning. Moreover, the amplitude of the periodic deflection 
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of the deflection parameter F is standardized to 1, and the error parameter S which shows the maximum of 
the focal errors in each [ these ] measure point in case a deflection parameter is F is expressed as a ratio to 
the deflection parameter F. That is, the degree type is materialized. 
The period of F= deflection / WY (1) 
The maximum/F of S= focus error (2) 

[0030] Drawing 17 (a) expresses the error parameter S to the deflection parameter F when the response 
frequency fm of leveling of the scanning direction and the response frequency fh of leveling of the non- 
scanning direction are equal and large. A curve Al The absolute value of the average of a focal error usual 
[ in the error parameter S of the non-scanning direction ] in the error parameter S and curve Bl in the non- 
scanning direction, A curve A2 shows the average of a focal error usual [ in the error parameter S of the 
scanning direction ] in the error parameter S and curvilinear B-2 in the scanning direction. The curve Al and 
the curve A2 express the respectively more realistic focal error. When [ when the value of Meter F is small ] 
the period of the irregularity of an exposure side is small, as for the flattery nature of leveling control of the 
scanning direction, it turns out that leveling control of the scanning direction comes to follow deflection bad 
(curve A2) as a concavo-convex period becomes large. Moreover, since a focal location does not change 
serially like the scanning direction to the non-scanning direction, even if the period of deflection becomes 
large, it is worse than the flattery nature of the scanning direction (curve Al). As mentioned above, although 
it is desirable for a focal error to become so that Parameter S may become 0.5 or less, the scanning direction 
and the non-scanning direction of a focal error are large as a whole. 

[003 1] On the other hand, the response frequency fin of drawing 17 (b) of leveling of the scanning direction 
is larger than the response frequency fh of leveling of the non-scanning direction. And the error parameter S 
to the deflection parameter F when both the response frequencies fm and fh are small is expressed. As for 
the absolute value of the average of the focal error of the non-scanning direction usual in the error parameter 
S and curve B3 in the non-scanning direction, and curvilinear A4, curvilinear A3 shows the absolute value 
of the average of the usual focal error in the scanning direction, as for the error parameter S and curvilinear 
B4 in the scanning direction. The comparison with drawing 17 (a) and drawing 17 (b) shows that the 
direction when a response frequency is almost smaller than the case of a full response ( drawing 17 (a)) 
( drawing 17 (b)) is close to 0.5, and a focal error has [ the error parameter S ] it. [ small ] This is for the fine 
point on a sensitization substrate that precision will get worse in the slit-like exposure field 24 if an auto 
leveling device follows unevenly to occur. However, since it becomes impossible to follow to the uneven 
section of low frequency when a response frequency is made small too much, it is necessary to set a 
response frequency as a suitable value. 

[0032] Moreover, in the example of drawing 17 (b), the response frequency fm of leveling of the scanning 
direction is set up more highly than the response frequency fh of leveling of the non-scanning direction. 
Even if this is the irregularity of the same deflection parameter F, since a period becomes short substantially 
according to slit width, in the scanning direction, the response frequency for following the irregularity of an 
exposure side good is because it is necessary to make it higher in the scanning direction than the non- 
scanning direction. 

[0033] Moreover, it sets at two or more measure points when the multipoint measurement means for auto 
leveling devices becomes from two or more points in the field of this side at the time of a sensitization 
substrate (5) being scanned to the inside of two or more points in an exposure field [****] (24), and the 
exposure field [****] of those about the lighting field and projection optics (8) of the predetermined 
configuration. When measuring the height of a sensitization substrate (5), respectively, in a front measure 
point, a read ahead of a focal location is performed partially. This is called "a division read ahead." 
Therefore, compared with the technique (full read ahead) of predicting in all measure points, the die length 
at the time of reading a focal location with a multipoint measurement means by exposure (inlet length) is 
shortened. 

[0034] Moreover, when the multipoint measurement means changes the location of the measure point of 
these plurality to one shot field of a sensitization substrate (5) one by one in the process which exposes the 
pattern of a mask (12) one by one, for example at the edge of the shot field, a division read ahead is 
performed, henceforth [ the center section of the shot field ], a full read ahead is performed and opening 
control is checked by the exposure location detecting element. Thereby, where leveling precision is 
maintained with high precision, the inlet length in the edge of a shot field can be shortened, and the 
throughput of exposure can be raised. 

[0035] Next, the automatic focus control in the 2nd field location equipment of this invention is considered. 
If the concept of the above-mentioned good field (Good Field) is taken in, as shown in drawing 16 , 
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precision may get worse by performing equalization processing of the focal location of each measure point 
in center-section 24a of the exposure field 24, and doubling with the image surface of projection optics the 
field shown by the average of the focal location. That is, drawing 1 8 (a) shows field 34A corresponding to 
the average of the focal location of each measure point of exposure side 5a with the crevice of depth H of a 
sensitization substrate, and the difference deltaZ3 of the direction of a focus of the field 34A and crevice is 
large from H/2. 

[0036] On the other hand, in this invention, the maximum and the minimum value of a focal location of each 
measure point in a measurement field predetermined [ on exposure side 5a ] are calculated, and the field 
corresponding to the middle focal location of these maximums and the minimum value is doubled with the 
image surface of projection optics. Drawing 1 8 (b) is the maximum Zmax of the focal locations of each 
measure point in exposure side 5a with the crevice of depth H of a sensitization substrate. Minimum value 
Zmin Field 34B corresponding to a middle focal location is shown, and it is focal location Z34of field 34B 
B. It can express as follows. 
Z34B =(Zmax +Zmin )/2 (3) 

[0037] Then, the field 34B doubles with the image surface of projection optics. Moreover, the difference 
deltaZ4 of the direction of a focus of field 34B and the front face of exposure side 5a and about H/of 
differences deltaZS of the direction of a focus of field 34B and its crevice are 2, respectively. That is, since 
the direction of field 34B of drawing 18 (b) becomes [ the maximum of the error of the focal location in 
each point on exposure side 5a ] small compared with field 34A of drawing 18 (a), on the concept of the 
good field (Good Field), the exposure side of a sensitization substrate can be doubled more with high degree 
of accuracy by this invention in the image surface of projection optics. 

[0038] Furthermore, the property of the error parameter S over the deflection parameter F at the time of 
performing automatic focus control based on equalization processing of drawing 1 8 (a) or automatic focus 
control based on the average of the maximum of drawing 18 (b) and the minimum value is shown in 
drawing 19 (a), and (b), respectively at the same time it makes the response frequency fin of leveling of the 
scanning direction, and the response frequency fii of leveling of the non-scanning direction equally and large 
and performs auto leveling control like drawing 17 (a). That is, in curvilinear A5 and B5, in drawing 19 (a) 
based on equalization processing, the error parameter S, the curve A6, and B6 of the non-scanning direction 
express the error parameter S of the scanning direction, respectively. Moreover, in drawing 19 (b) based on 
the average of maximum and the minimum value, curves A7 and B7 express the error parameter S of the 
non-scanning direction, and curves A8 and B8 express the error parameter S of the scanning direction, 
respectively. 

[0039] When automatic focus control is performed like [ it is ****** and ] based on the average of 
maximum and the minimum value from drawing 19 (b), while the value of the error parameter S is close to 
0.5 in all the deflection parameters F, i.e., all frequency bands, compared with the case where automatic 
focus control is performed based on equalization processing, the maximum of a focal error is small. 
[0040] Moreover, when only automatic focus control is performed to drawing 15 (a) and (b) based on the 
average of the maximum of a focal location and the minimum value which were obtained in the measure 
point in return and a predetermined measurement field, as shown in drawing 15 (a), field 36A of deltaZa 
doubles with the image surface of projection optics in the difference of a focal location with maximum to 
exposure side 5a which has the deflection of amplitude 2 and deltaZa. On the other hand, while performing 
automatic focus control based on the average of the focal location only obtained in these measure points to 
exposure side 5a which has the deflection of amplitude 2 and deltaZa If auto leveling control is performed 
based on the least squares approximation of the obtained focal location, as shown in drawing 15 (b) Field 
36B of deltaZb (>deltaZa) may double with the image surface of projection optics in the difference of the 
focal location from maximum within the limits of amplitude deltaZc (>2 and deltaZa). Therefore, a focal 
error becomes [ the direction which performs automatic focus control based on the average of the maximum 
of a focal location and the minimum value which were obtained ] small, when using an auto leveling device, 
or even when not using it. 

[0041] In addition, although it is controlling by this invention to double with the image surface the field 
which becomes settled in the (minimum value Zmin of the maximum Zmax+ focus location of a focal 
location) / 2, depending on a device process, which the depth of focus of the heights of exposure side 5a of a 
sensitization substrate or a crevice may be required. Therefore, it is desirable to perform control which 
doubles with the image surface the field of the focal location ZMN which becomes settled in proportional 
distribution like a degree type using the predetermined multipliers M and N. 
ZMN=(M-Zmax+N-Zmin)/(M+N) (4) 
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[Example] Hereafter, with reference to a drawing, it explains per example of this invention. This example 
applies this invention to the automatic focus device and auto leveling device of a projection aligner of a slit 
scan exposure method. Drawing 1 shows the projection aligner of this example, the pattern on a reticle 12 is 
illuminated by the lighting field (henceforth a "slit-like lighting field") of the rectangle by the exposure light 
EL from the illumination-light study system by which the illustration abbreviation was earned out in this 
drawing 1 , and projection exposure of the image of that pattern is carried out on a wafer 5 through 
projection optics 8. Under the present circumstances, synchronizing with a reticle 12 being scanned with 
constant speed V in the direction of this side (or other side) to the space of drawing 1 , a wafer 5 is scanned 
by the other side (or the direction of this side) to the space of drawing 1 to the lighting field of the shape of a 
slit of the exposure light EL by constant speed V/beta (1/beta is the contraction scale factor of projection 

mO^The reticle Y drive stage 1 0 which can be freely driven to Y shaft orientations (direction 
perpendicular to the space of drawing 1 ) on the reticle susceptor 9 is laid by explainmg the drive system °f 
a reticle 12 and a wafer 5, the reticle minute drive stage 1 1 is laid on this reticle Y drive stage 10, and the 
reticle 12 is held by the vacuum chuck etc. on the reticle minute drive stage 11. As for the reticle minute 
drive stage 11, only a minute amount performs position control of a reticle 12 to the direction of X parallel 
to space the d rection of Y, and hand of cut (the direction of theta) of drawing! with high Pulsion m a 
field perpendicular to the optical axis of projection optics 8, respectively. It always acts as the monitor of the 
towSrfSe direction of X of the reticle minute drive stage 1 1, the direction of Y, and the direction of 
Ew^ 

stage 1 1, and has been arranged on the reticle susceptor 9. The positional information SI acquired by the 
interferometer His supplied to main control system 22 A. frc ,^u, 
0044] On the other hand on the wafer susceptor 1 , the wafer Y-axis drive stage 2 which can be freely 
driven to Y shaft orientations is laid, the wafer X-axis drive stage 3 which can be freely driven to X shaft 
orie^ tons'flaid on it Z leveling tage 4 is formed on it, and the wafer 5 is held by vacuum adsorption on 
uaTzTeveling stage 4 The migration mirror 7 is fixed also on Z leveling stage 4, it acts as the monitor of 
£ S of direction of X of Z leveling stage 4, the direction of Y, and the 

mtorferometer 13 arranged outside, and the positional information acquired by the interferometer 13 is also 
s^oTc mata 3 system 22A. Main control system 22A controls actuation of the whole equmment 
whUe conSng positioning actuation of the wafer Y-axis drive stage 2, the wafer X-axis drive stage 3, and 

fooTsf^rer 4 £5i£ ol the wafer system of coordinates specified by ftie 

S Measured by the interferometer 13 by the side of a wafer, and ^^Tig^S 
verified bv the coordinate measured by the interferometer 14 by the side of a retic e, the reference mane 
Plate 6ta being fixed Tar the wafer 5 on Z leveling stage 4. Various reference marks are formed on this 
referencemSplate6 In these reference marks, the reference mark currently illuminated from the 
backg^oun" by me Tllumination light led to Z leveling stage 4 side, i.e., a luminescent reference mark, is 

m046?The reticle alignment microscopes 1 9 and 20 for observing the reference mark on the reference mark 
plated a^d ^mart oScle 12 to coincidence are equipped above the reticle 12 of 1 
case if the deviation mirrors 1 5 and 16 for leading the detection light from a reticle 12 to the reticle 
dS^i^S 19 and 20, respectively are arranged free if^^"!iS!SZ^^ 
started, the deviation mirrors 15 and 16 will shunt with the mirror dnving gears 17 and 18 under the 
command from main control system 22A, respectively. nMim( , inHHence mold of the 

T00471 It equips with the multipoint focus location detection system of the oblique-incidence mold °™ 
SSSeSS explained^ the projection aligner of the slit scan method of temgj reference 
to drawing20 and drawing 21 . However, while the multipoint focus location detection system of this 
ex lplehasn Tre n^nbefoJa measure point than the conventional example, arrangement of a measure 
oomU 1 del IZ Tas toing2 (b) shows pattern formation plate 62A of this ^P^^P 0 "^!^ 
S^S^toLi Plate 62 of drawings (b) and shows it to drawmg2 G» The opening pattern 

72 U to 72-19 of the shape of nine slit is formed in eye the 1st train of pattern formation plate 62A, and 
72-1 1 to 72 iy ot tne snape oi n in j 2nd ^ _ ^ respectlve i y . 

^^cS^SZ^^S^^ in Pattern formation plate 62A in total, and the 
K^SSSn of the shape of these slit is aslant projected to the X-axis and a Y-axis on the 
exposure side of the wafer 5 of drawing.! • 
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[0048] Drawing 2 (a) shows the exposure side of the wafer 5 of the lower part of the projection optics 8 of 
this example, the pattern of the reticle 12 of drawing 1 is exposed in this drawing 2 (a) in the exposure field 
24 of a rectangle long in the direction of X inscribed in the circular lighting visual field 23 of projection 
optics 8, and a wafer 5 is scanned in the direction of Y to this exposure field 24 (scan). By the multipoint 
focus location detection system of this example Nine measure points AF1 1-AF19 of the 1st train extended in 
the direction of X of the direction top of Y of the exposure field 24, The measure points AF21-AF29 of the 
2nd train, The image of a slit-like opening pattern is projected on the measure points AF31-AF39 of the 3rd 
train in the exposure field 24, the measure points AF41-AF49 of the 4th train of the direction bottom of Y of 
the exposure field 24, and the measure points AF5 1 -AF59 of the 5th train, respectively. 
[0049] Drawing 2 (c) shows electric-eye 69 A of the multipoint focus location detection system of this 
example, nine photo detectors 75-1 1 to 75-19 are arranged on this electric-eye 69A at eye the 1st train, and 
nine photo detectors 75-12 to 75-59 are arranged also at eye the 5th train [ eye the 2nd train - ], respectively. 
That is, 45 photo detectors are arranged in total by electric-eye 69A, and slit-like drawing (illustration 
abbreviation) is arranged on each photo detector. Moreover, re-image formation of the image of the opening 
pattern of the shape of a slit projected at the measure points AF1 1-AF59 of drawing 2 (a), respectively on 
these photo detector 75-1 1 - 75 -59 is carried out. And on electric-eye 69 A, it vibrates in the direction of RD 
whose location of each image by which re-image formation was carried out is the cross direction of a 
diaphragm by carrying out rotational vibration of the light reflected in respect of exposure of a wafer 5 with 
the diaphragm corresponding to the hand-of-cut diaphragm 67 of drawing 20 . 

[0050] When the detecting signal of each photo detector 75-1 1 to 75-59 is supplied to signal processor 71 A 
and carries out the synchronous detection of each detecting signal by the signal of a rotational-vibration 
frequency in signal treatment equipment 71 A Like [ 45 focal signals corresponding to the focal location of 
each measure points AF1 1 -AF59 on a wafer are generated, and / signal / of these 45 focal signals / 
predetermined / focal ] the after-mentioned The tilt angle (leveling angle) and the average focal location of 
an exposure side of a wafer are computed. The leveling angle and the focal location which were these- 
measured are supplied to main control system 22 A of drawing 1 , and main control system 22 A performs the 
leveling angle of a wafer 5, and a setup of a focal location through driving gear 22B and Z leveling stage 4 
based on the leveling angle and focal location which were supplied. _ 
[0051] Therefore, in this example, the focal location of all 45 measure points AF1 1-AF59 shown in drawing 
2 (a) is measurable. However, in this example, as shown in drawing 3 , the location of the point (henceforth 
a "sample point") which actually measures a focal location in these 45 measure points according to the 
scanning direction of a wafer is changed. When scanning a wafer in the direction of Y to the exposure field 
24 and in performing a division read ahead like the after-mentioned as an example as shown in drawin g 3 
(a) the odd-numbered measure points AF21, AF23, AF29 in the measure point of 2nd train 25B and the 
even-numbered measure points AF32, AF34, .., AF38 in the exposure field 24 turn into a sample point. 
Moreover when scanning a wafer in the direction of -Y to the exposure field 24, and in performing a 
division read ahead like the after-mentioned as shown in drawing 3 (b), the odd-numbered measure points 
AF41, AF43, AF49 in the measure point of 4th train 25D and the even-numbered measure points AF32, 
AF34, .., AF38 in the exposure field 24 turn into a sample point. 

[0052] Furthermore, since the measurement result of the focal location at the time of slit scan exposure 
changes serially according to the migration coordinate of the stage by the side of a wafer, the measurement 
result of these focus location is memorized by the storage in main control system 22 A of drawin g 1 as a 
two-dimensional map which consists of a coordinate of the scanning direction of a stage, and a coordinate of 
the measure point of the non-scanning direction. Thus, the focal location and leveling angle of a wafer at the 
time of exposure are computed using the memorized measurement result. And when actually driving Z 
leveling stage 4 of drawing 1 and setting up the focal location and leveling angle of an exposure side of a 
wafer actuation of Z leveling stage 4 is controlled by open loop control according to a measurement result. 
In this case exposure in the exposure field 24 is performed based on the result measured beforehand. That 
is as shown in drawing 4 (a), measurement of the focal location of the field 26 on a wafer is performed by 
the predetermined sampling point of the measure point of 2nd train 25B, and as shown in drawing 4 (b) after 
that, when the field 26 on a wafer reaches in the exposure field 24, based on the measurement result in 
drawing 4 (a) focusing of the field 26 on a wafer and leveling control are performed. 
[0053] Drawing 5 shows Z leveling stage 4 and this control system of this example, the top-face member ot 
Z leveling stage 4 is supported through the three supporting points 28 A-28C in this drawing 5 on the 
inferior-surface-of-tongue member, and each supporting points 28A-28C can be expanded now and 
contracted in the direction of a focus, respectively, adjusting the amount of telescopic motion of each 
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supporting points 28A-28C - tilt-angle thetaY of the focal location of the exposure side of the wafer 5 on Z 
leveling stage 4, and the scanning direction And tilt-angle thetaX of the non-scanning direction It can be set 
as a desired value. Near each supporting points 28A-28C, the amount of displacement of the direction of a 
focus of each supporting point is attached in the height sensors 29A-29C measurable with the resolution of 
about 0.01 micrometers, respectively. In addition, the highly precise device in which a stroke is more long 
as a positioning device to the direction of a focus (Z direction) may be established independently. 
[0054] tilt-angle thetaX which looks like [ the filter sections 30A and 30B ] main control system 22 A every 
moment, respectively, and changes in order to control leveling actuation of Z leveling stage 4 and which 
should set up the non-scanning direction And tilt-angle thetaY which should set up the scanning direction It 
supplies. The filter sections 30A and 30B supply the tilt angle filtered and obtained by filter shape different, 
respectively to operation part 31, and main control system 22 A supplies the coordinate W of the field made 
applicable [ on a wafer 5 ] to exposure (X, Y) to operation part 3 1 . Operation part 3 1 supplies the 
information on the amount of displacement which should be set as mechanical components 32A-32C based 
on Coordinate W (X, Y) and two tilt angles. The information on the current height of the supporting points 
29A-29C is also supplied to each mechanical components 32A-32C from the height sensors 29A-29C, 
respectively, and each mechanical components 32A-32C set the height of the supporting points 29A-29C as 
the height set as operation part 31, respectively. 

[0055] Thereby, although the tilt angle of the scanning direction of the exposure side of a water 5 and tne tilt 
angle of the non-scanning direction are set as a desired value, respectively, the response frequency fm of 
leveling of the scanning direction [Hz] is more highly set up by the difference of the property of the filter 
sections 30A and 30B from the speed of response fn of leveling of the non-scanning direction [Hz] in this 
case. The speed of response fn of leveling of 10Hz and the non-scanning direction of the response frequency 
fm of leveling of the scanning direction is 2Hz as an example. 

r00561 Moreover, if the location where the supporting points 28 A, 28B, and 28C are arranged is called the 
driving points TL1, TL2, and TL3, respectively, the driving points TL1 and TL2 are arranged on 1 straight 
line parallel to a Y-axis, and the driving point TL 3 is located on perpendicular 2 bisectrix with the driving 
points TL1 and TL2. And if the exposure field 24 of the shape of a slit by projection optics shall be located 
on the shot field SAij on a wafer 5, in case it will perform leveling control of a wafer 5 through the 
supporting points 28A-28C in this example, the focal location of the shot field SAij does not change. 
Therefore it is carried out in the form which leveling control and focal control separated. Moreover, a setup 
of the focal location of the exposure side of a wafer 5 is performed when only the same amount carries out 
the variation rate of the three supporting points 28A-28C. 

[0057] Next, it explains to a detail per leveling actuation of this example, and focusing actuation. First, the 
method of computing the tilt angle for leveling and the focal location for focusing is shown. 
(A) it is shown in computing method drawing 4 of a tilt angle - as - the measure point of each tram - 
setting - the X coordinate of the m-th sample point of the non-scanning direction ~ the Y coordinate of the 
n-th sample point of Xm and the scanning direction - Yn ** - carrying out - X coordinate Xm And Y 
coordinate Yn The value of the focal location measured at the sample point is expressed with AF (Xm and 
Yn) Moreover, the next operation is performed, using the number of samplings of M and the scanning 
direction as N for the measurement size of the non-scanning direction. However, sum operation sigmam The 
sum to 1-M about Subscript m is expressed. 

SX=sigma m Xm, SX2=sigmam Xm2, SMZ=sigma m AF (Xm and Yn) SXZ=sigmam (AF (Xm and Yn) 

stmnSy/it is sum operation sigman. The next operation is performed as a thing showing the sum to 1 about 

SY^SSan > Yn, SY2=sigman Yn2, SNZ=sigma n AF (Xm and Yn) SYZ=sigman (AF (Xm and Yn) and 
Yn) (6) 

[0059] And the next operation is performed using (5) types and (6) types. 
An=(SX-SMZ-M-SXZ)/(SX2-M-SX2) (7) 

Am=(SY-SNZ-N-SYZ)/(SY2-N-SY2)(8) . 
next every - the tilt angle AL (Yn) of the non-scanning direction [ in / by the least squares approximation / 
from An / the n-th sample point of the scanning direction ] (the direction of X) - asking -- every - it asks 
for the tilt angle AL (Xm) of the scanning direction (the direction of Y) in the m-th sample point ot the non- 
scanning direction by the least squares approximation from Am. Then, it is tilt-angle thetaX of the non- 
scanning direction by the following equalization processings. And tilt-angle thetaY of the scanning direction 
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It asks 

thetaX = (sigman AL (Yn)) / N (9) 
thetaY = (sigmam AL(Xm))(10) 

[0060] (B) There are an equalization approach and the maximum minimum detecting method as method ot 
computing the focal location computing method focus location, and compute a focal location by the 
maximum minimum detecting method in this example. With an equalization approach, the focal location 
<AF> as the whole exposure side of a wafer 5 is calculated from a degree type using the value AF of an 
above-mentioned focal location (Xm and Yn) for reference. 
<AF> =(sigman sigmam AF (Xm and Yn))/(M-N) (11) 

[0061] Next, focal location AF' as the whole exposure side of a wafer 5 is calculated from a degree type by 
setting to Max ( ) and Min ( ) the function which expresses maximum and the minimum value with the 
maximum minimum detecting method, respectively. 
AF'= (Max(AF (Xm and Yn)) +Min(AF (Xm and Yn)) 12 (1 2)) 

and -- the time of the measured field 26 arriving at the exposure field 24, as shown in drawing 4 (b) -- 
detection result thetaX of (9) types, (10) types, and (12) types, and thetaY And based on AF', the three 
supporting points 28A-28C of drawing 5 drive with open-loop on the basis of the measurement result ot the 
height sensors 29A-29C, respectively. Concretely, automatic focus control is performed by driving the three 
supporting points 28A-28C to coincidence, and auto leveling control is performed so that the focal location 
in the exposure field 24 shown in drawing 5 may not change. 

[00621 In drawing 5 spacing of the direction of X of the central point of the exposure field 24, and the 
supporting points 28A and 28B Namely, XI, They are the central point of Yl and the exposure field 24 and 
spacing of the direction of Y of supporting-point 28B about the central point of X2 and the exposure field 
24, and spacing of the direction of Y of supporting-point 28A in the central point of the exposure field 24, 
and spacing of the direction of X of supporting-point 28C Y2 It carries out. Tilt-angle thetaX of the ^non- 
scanning direction It is based on a result and is XI , respectively to the supporting points 28A and 28B I and 
supporting-point 28C. : X2 The variation rate of hard flow is given by the ratio. Tilt-angle thetaY of the 
scanning direction It is based on a result and is Yl to supporting-point 28A and supporting-point 28B, 
respectively. : Y2 The variation rate of hard flow is given by the ratio. 

[0063] Moreover, in the above-mentioned approach, since a focal location and a tilt angle change every 
moment according to an aligner, it is necessary to amend the measurement value of an acmal focal location. 
Drawing 6 (a) shows the condition are measuring the focal location and the tiltang e of ****** in the 
measure point (AF point) of a certain focal location, and the amount of drives <TL1> <TL2> and <TL3> 
oTthe direction of afocus of the supporting point at each driving points TL1-TL3 presuppose 
that it is it 0 (criteria location) in the state of drawing 6 (a), respectively. [ the whole field 26 on exposure 
side 5a of a wafer ] And as the field 26 shows drawing 6 (b), when the exposing point in the exposure held 
is reached, the amount of these drives is set as <TLl>=a, <TL2>=b, and <TL3> =c respectively for 
exposure. In this case, although only deltaF is changing compared with the case of drawmge ^ )^ f °g 
location of field 26A currently measured in the measure point (AF point) of a focal location Since theetlect 
of the amount of drives in each driving points TL1-TL3 is included in ^the vanation of this de ItaF to next 
expose field 26A, it is necessary to perform leveling and focusing in the form which amends the amount ot 
drives of each driving points TL1 -TL3 in the condition of drawing 6 (b). 

[0064] That is, the tilt angle of the focal location measured about field 26A as Fl thetalX, and thetal Y 
respectively in the tilt angle of the focal location measured about the field 26 and the direction of X and the 
£Se of the direction* Y and the direction of X and the tilt angle of the direction of Y are made ante , Fn 
\ thetanX, and thetanY, respectively. Moreover, when spacing of the direction of X of the measure point 
(AF point) of a focal location and an exposing point and the direction of Y is set to delta X and delta Y, 
respectively, the amount deltaF 1 of amendments of a focal location is as follows. 
deltaF 1=-F1 -thetal X-delta X-theta 1 Y-deltaY(13) 

[0065] When the amount deltaFl of amendments is used, the value Fn thetanX, and thetanY after each 

amendment of the tilt angle of the focal location measured about field 26 A and the direction of X and the tilt 

angle of the direction of Y are as follows. 

Fn=Fn'+deltaFl (14) 

theta nX=theta nX-thetalX (15) 

t££££l nec^to mlge responsibility to the appearance which is not ^ * 

side of the RF of the exposure side of a wafer 5. That is, since the response corresponding to a stage location 
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is required also when the scan speed of a wafer 5 changes, it is made the device which manages the focal 
location and tilt angle which were measured with the numerical filter for fast Fourier transforms (FFT), or 
can carry out adjustable [ of the servo gain of the mechanical component of the three supporting points 28 A- 
28C of drawing 5 ] according to a rate. However, the numerical filter for FFT needs a preliminary scan, and 
since servo gain has phase lag, the device in consideration of these is required. 

[0066] (C) a servo gain adjustable method -- here explains per example of the approach of carrying out 
adjustable [ of the servo gain of the mechanical component of the three supporting points 28A-28C of 
drawing 5 ] according to a rate. When a response frequency in case the scan speed of a wafer is V/beta is set 
to nu, transfer function G (s) is expressed as follows. 
G(s)=l/(1+Ts) (17) 

however, T= l/(2pinu) and s=2pifi -- it comes out. 

[0067] From the analysis result, when scan speed V/beta was 80 mm/s, the response frequency nu of the 
non-scanning direction had optimal 2Hz, and found that 10Hz was the optimal for the response frequency nu 
of the scanning direction. However, unevenness of the exposure side of a wafer is expressed with the sine 
wave of a pitch p, and it is the scan lay length of each shot field on a wafer LO When it carries out, the 
frequency fin (17) types is as follows. 
f=(V/beta)/L0 and (L0/p) = (V/beta) /p (18) 

Therefore since a frequency f will change if scan speed V/beta changes, it is necessary to newly ask tor the 
optimal response frequency nu. Thus, servo gain is determined from the response frequency nu for which it 
asked 

[0068] (D) the numerical filtering method -- since the pitch p of the irregularity on the exposure side of a 
wafer is a function depending on a stage location here, if the sampling of a focal location is performed by 
the datum reference synchronizing with a stage location, control independent of scan speed V/beta will be 
attained That is, in order to give the filtering effectiveness equivalent to transfer function G (s) with a 
location function, the inverse Fourier transform of the transfer function G (s) is earned out, it asks for 
location function F (x), and numerical filtering is performed using this location function F (x) An example 
of transfer function [ of the response frequency nu ] G (s) is concretely shown in drawing 7 (a), and location 
function F (x) corresponding to it is shown in drawing 7 (b). However, it is necessary to take run-up scan 
distance, and at the time of numerical filtering, when not performing this, phase lag arises. 
r00691 In addition, also in which approach of an above-mentioned servo gain adjustable method and the 
numerical filtering methods, responsibility is managed by phase lag and the filtering effectiveness. Phase lag 
(time lag) is a time lag which exists between the signal corresponding to the focal location made into the 
target shown by curvilinear 37A of drawing 15 (c), and the signal corresponding to the focal location which 
is shown by curvilinear 38A, and which was measured in fact. The filtering effectiveness is that only the 
specified quantity makes the amplitude of an actual focal location small to a focal target location, as the 
curves 37B and 38B of drawing 15 (d) show. narfnrmP A t h P 

[00701 As mentioned above, in this example, in case exposure to each shot field of a wafer is performed, the 
run-up scan which is a preliminary scan may be performed. Then, the setting approach of the run-up scan 
distance is explained. Drawing 8 (a) shows the scan method in the case of exposing the pattern of a reticle to 
the next shot fields SA12 and SA13 one by one, after finishing exposure of the shot field SA 11 on _a .water. 
In this drawin g 8 (a), after it scans a wafer in the direction of -Y and the exposure to the shot field SA 1 1 on 
a wafer finishes, a wafer is aslant moved to the X-axis and a Y-axis between the acceleration-and- 
deceleration periods TW1, and it arranges near the lower limit of the next shot field SA 12 in the exposure 
field of projection optics. After the exposure to the first shot field SA 1 1 finishes, while moving near the 
lower limit of the next shot field SA 12, migration of spacing deltaL is performed in the direction of Y. 
Moreover, in the telophase of the acceleration-and-deceleration period TW1, migration in the direction of Y 

of a wafer is started. , , _ r u 

[00711 Between the subsequent establishment (setting) periods TW2, the scan speed of a wafer reaches 
about V/beta, and exposure of the pattern of the reticle to the shot field SA 12 is performed between the 
exposure periods TW3 following it. The acceleration-and-deceleration penod TW1, the establishment 
period TW2 and the exposure period TW3 by the side of a wafer in this case are shown in drawing 8 (c), 
and the acceleration-and-deceleration period TR1, the establishment period TR2, and the exposure penod 
TR3 by the side of a reticle are shown in drawing 8 (b). In addition, in a reticle side since it is not necessary 
to move to the next shot field like drawing ^ (a), migration of the stage by the side of a reticle is a 
reciprocating motion in alignment with a Y-axis, moreover, the time of extent which shifts to the 
establishment period TW2 from the acceleration-and-deceleration period TW1 in a wafer side as shown in 
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drawings (c) - ts from -- the sampling of the focal location by the multipoint focus location detection 

[007? In ^example, since the responsibility at the time of leveling and focusing is managed by phase lag 

and the filtering effectiveness, the start point when starting the sampling of a focal location on a wafer 

^XSSSL For example, as what synchronizes a sampling with a stage 

performs numerical filtering, a sampling starting position will be determined b> ^^nG U Iks 

[00731 First, transfer function G (s) is given like drawing7 (a), and from this transfer function G (s), it asks 

Kat on 'function [ of drawing 7 (b) ] F (x) by the inverse Fourier transform . and asks d ^ength 

deltaL from the zero of this location function F (x) to a zero crossing point. This <? ie - len ^f^ 

to movement magnitude deltaL to the direction of Y at the time of moving aslant because of exposure of the 

Eration neriod TW1 of a wafer is small, time amount (TR1-TW1) turns into the latency 'time by the side 
o^waSnSs case, deltaL - < (V/beta) (TR1-TW1) - although it does not : become .the fal of a 
^oughputatthetimeof- 

Sore sed* ^^^^^^^m e^ctiieness as transfer fonction G (s) is 
acSd' ien ^processes as phase lag. By performing these filtering, the effectiveness of reducing the 
SSSS^iSLtion to a multipoint focus location detection system and the control error of a 

Sng leveling measurement, measurement value £ ™~« in t AF 4 , before a scan - 

[0076] Read-ahead control means choosing a sample point from to » exoosuri field 24 to drawing 
a tjao apsi AFS9 when scanning a wafer [ like ] in the direction of -Y to the exposure neiazn iu ui* * 

WmiSSk (a) showed .he curvHinear 39A corresponding to the focal location .which make, into the 
^aSeof perfonotog «he same exposure ^^^^^^t^M 

wmmmmw 

P 81 However, .he response frequency of an.o leveling wUl be ^^^^ETSe 

: X p»n^ 

^ea^ 
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http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,06-283403,A [DETAILED DESCRIPTION] 



Page 14 of 17 



the amplitude of the periodic deflection of the deflection parameter F is standardized to 1, and the error 
parameter S which shows the maximum of the focal errors in each [ these ] measure point in case a 
deflection parameter is F is expressed as a ratio to the deflection parameter F. 

r00801 When drawing 10 (a) performs exposure position control, the response frequency fm ot leveling ot 
the scanning direction expresses the error parameter S to the deflection parameter F in case the response 
frequency fn of leveling of 10Hz and the non-scanning direction is 2Hz, curvilinear A9 and B9 show the 
error parameter S in the non-scanning direction, and both the curves A10 and BIO of both show the error 
parameter S in the scanning direction. On the other hand, when drawing 17 (b) performs read-ahead control, 
the response frequency fm of leveling of the scanning direction expresses the error parameter S to the 
deflection parameter F in case the response frequency fh of leveling of 2.5Hz and the non-scanning direction 
is 0.5Hz, curves Al 1 and Bl 1 show the error parameter S in the non-scanning direction, and both the curves 
A12 and B12ofboth show the error parameter Sin the scanning direction. 

r00811 In order to improve a response, it is good, but it is not suitable to remove phase lag by read-ahead 
control as mentioned above, when reducing a response. However, read-ahead control has many degrees ot 
freedom by software, and can also perform a prediction setup of the measure point of the focal location in 
the time of time equalization and exposure initiation as shown by drawing 1 1 . That is, in drawing 11 (a) a 
focal location is detected only for the die length of width-of-face deltaL in a front sample point (AF point) to 
the scanning direction of a multipoint focus location detection system to certain field 26B on exposure side 
5a of a wafer. And as shown in drawing 11 (b), when field 26B reaches an exposing point, the information 
on the focal location detected in the range of width-of-face deltaL is equalized, and leveling and focusing 
are performed with high precision. . ~ 

[0082] Moreover, as shown in drawing 11 (c), even if level difference section 26C is in exposure side 5a of 
a wafer by the case where a measure point and an exposing point are equal, by the exposure position control 
method, as shown in drawing 11 (d), the field (focal field) AFP made into a focal object orAy ' goes up 
gradual y, and exposure is performed in the condition of having been defocused in the level difference 
section 26C. On the other hand, when level difference section 26D is in exposure side 5a of a wafer, as are 
shown in drawing 11 (e), and it is beforehand shown in drawing 11 (f) according to the level difference by 
the case where the measure point and the exposing point are separated by the read-ahead <^gj8 
method, exposure is performed in the condition of having focused, by going up the focal side AFP gradually 

[SmrKiSr^i- -ad-ahead controlling method but the usual exposure position control 
Sod andTis desirable to use the two controlling methods as a selectable system. Since there are the 
S>ove functions in the automatic focus and auto leveling device of this example, in order to actually control 
t IxposTside of a wafer, the method of controlling three kinds which consists of** exposure position 
control, ** full read-ahead control, and ** division read-ahead control can be considered. Below, it explains 
to these three kinds of controlling method per details. 

(F) Perform the focal location of the exposure side of a wafer, and control of a leveling angle using ^ value 
of the focal location measured and obtained regardless of the response engine performance of^autom^c 
focus and an auto leveling device at all at the time of exposure by the exposure position control method this 
gentleman formula. Namely, as shown in drawing 12 (a), the odd-numbered measure point of 3rd tra n 25C 
fn the exposure field 24 is also made into a sample point to the exposure field 2 in a scanning di ection (the 
direction of Y) by making the even-numbered measure point of 2nd train 25B of a near side into flu sample 
point 41 And leveling control of the scanning direction of the exposure side of a wafer is performed from 
Z ! measurement value of the focal location in the sample point of 2nd train 25B, and the measurement 
value of the focal location in the sample point of 3rd train 25C. . . , mnrma 

r0084] Moreover, the inclination of the non-scanning direction is calculated by the least-squares- 
approximation method from the measurement value of the focal location in ^^/Xr^ S 
25B and 3rd train 25C, and leveling control of the non-scanning direction is performed. Moreover, focal 
control also uses the measurement value of the focal location in the measure point of the 3rd tram mbj the 
exposure field 24, and performs focal control. In addition, a sample point is chosen from the measure pom 
of 3rd train 25C and 4th train 25D when the scanning direction of a wafer is the direction of -Y, as shown in 
W By this method, although control is the easiest, there is un-arranging [ that flattery precision 
wnfchfege with the scan speed of a wafer etc. ]. Moreover, the calibration of the focal location in each 
measure Doint of 2nd train 25B and 3rd train 25C is required. 

m?85HG) As shown in drawing 12 (c), measure all the values of the focal location in the sample point of 
1 st Sin 25A beforTexp^ to the exposure field 24 by the full read-ahead controlling method 
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this gentleman formula in the scanning direction by making all the measure points of 1st train 25 A of a near 
side into a sample point. And equalization processing and filtering processing are performed, phase lag is 
expected, it is open at the time of exposure, and an automatic focus and an auto leveling device are 
controlled at it. Namely, the measurement value of the focal location in each sample point of 1st train 25 A is 
memorized, the inclination of the scanning direction is computed from the value of the focal location 
measured on the time-axis, and leveling control of the scanning direction is performed by opening control at 
the time of exposure. 

[0086] In parallel to it, the inclination of the non-scanning direction is calculated by the least-squares- 
approximation method from the measurement value of the focal location in each sample point of 1st train 
25A and leveling control of the non-scanning direction is performed by opening control. Since it is a read 
ahead equalization on a time-axis is also possible. Moreover, the measurement value of the focal location in 
each sample point of 1 st train 25 A is memorized, and focal doubling is performed by opening control at the 
time of exposure. In addition, as shown in drawing 12 (d), when the scanning direction of a wafer is the 
direction of -Y, all the measure points of 5th train 25E are chosen as a sample point. 

[0087] By this method, since a sample point can secure nine points in 1st train 25 A, there is much amount ot 
information and the improvement in precision is expectable. Moreover, since a sample point is one line, it 
both has the advantage with an unnecessary calibration that management of responsibility can be performed. 
On the other hand, when it measures directly about the sample point of 1st train 25A, in order to expose the 
edge of each shot field, the distance (run-up scan length) which should be scanned becomes long, and there 
is un-arranging [ to which a throughput falls ]. Moreover, since it is opening control there is also un- 
arranging [ that the check by the multipoint focus location detection system cannot be performed ]. 
r00881 (H) By the division read-ahead controlling method this gentleman formula, as shown in drawing 12 
e) also make the even-numbered measure point of 3rd train 25C in the exposure field 24 into a sample 
point to the exposure field 24 in a scanning direction (the direction of Y) by making the odd-numbered 
measure point of 2nd train 25B of a near side into a sample point. And in the sample point of 2nd train 25B 
and 3rd train 25C, all the values of a focal location are beforehand measured before exposure. Then, 
equalization processing and filtering processing are performed, phase lag is expected and it controls by 
opening confrol at the time of exposure. Namely, the measurement value of the focal location in the sample 
point of 2nd train 25B and 3rd train 25C is memorized, the inclination of the scanning direction is computed 
from the value of the focal location measured on the time-axis, and leveling of the scanning direction is 
performed by opening control at the time of exposure. 

Fo0891 Moreover, the inclination of the non-scanning direction is calculated by the least-squares- 
approximation method from the measurement value of the focal location in the sample point of 2nd ton 
25B and 3rd train 25C, and leveling of the non-scanning direction is performed by opening controL Since it 
is a read ahead, equalization on a time-axis is also possible. Moreover, the measurement value of the focal 
location in the sample point of 2nd train 25B and 3rd train 25C is memorized, and focal doubling is 
performed by opening control at the time of exposure. In addition, a sample point is chosen from the 
measure point of 3rd train 25C and 4th train 25D when the scanning direction of a wafer is the direction of - 

roWOT^to SSf^c^nd train 25B (or 4th train 25D) is close to the exposure field 24, while being 
able to lessen run-up scan distance for exposing the edge of each shot field of a wafer there is ^ advantage 
that management of responsibility can be performed. Moreover, the check of he result of having controlled 
the exposure side by opening control from the measurement value of the focal location in me sample point 
of 3rd train 25C at the time of exposure is possible. On the other hand, there is un-arranging [ that the 
calibration of the focal location in the sample point of 2nd train 25B and the focal location in the sample 

point of the 3rd train is required]. . , . nM ,~ _ morp exact 

Fo0911 Moreover, by the full read-ahead controlling method, as shown in drawing 13 , (a) - (d), a more exact 
automatic focus and auto leveling control are performed by changing the sample point of under exposure 
initiation and exposure and the focal location just before exposure termination. That is, as shown in dia^mg 
1 3 (a) when the shot field S A which should be exposed arrives at the location of spacing D (it is the same as 
me width of face of the scanning direction of the exposure field 24) to the exposure field 24 measurement 
of the focal location by the multipoint focus location detection system is started in the sample field 42 ot 
spacmg D from the exposure field 24. An example of width of face D, i.e., the width of face of the scanning 
direction of the exposure field 24, is 8mm. Then, as shown in drawjngJl (b), when the point of the shot 
field SA contacts the exposure field 24, leveling control of the scanning direction is performed based on the 
measurement value of the focal location in the detection region 44 between two sample points on a wafer, 
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and automatic focus control is performed based on the measurement value of the focal location in the 
detection region 45 which consists of one sample point. 

[0092] Next, as shown in drawing 13 (c), when the point of the shot field SA goes into the exposure field 24, 
leveling control of the scanning direction is performed based on the measurement value of the focal location 
in the detection region 44 between two sample points on a wafer, and automatic focus control is performed 
based on the measurement value of the focal location in the detection region 45 between two sample points. 
Moreover, as shown in drawing 13 (d), when the shot field SA comes to cover the exposure field 24, based 
on the measurement value of the focal location in the wrap detection region 44, leveling control of the 
scanning direction is performed in the exposure field 24, and automatic focus control is performed based on 
the measurement value of the focal location in the wrap detection region 45 in the exposure field 24. 
[0093] On the other hand, also by the division read-ahead controlling method, as shown in drawing 13 (e) - 
(h), a more exact automatic focus and auto leveling control are performed by changing the sample point of 
under exposure initiation and exposure and the focal location just before exposure termination. Namely, as 
shown in drawing 13 (e), when the shot field SA which should be exposed arrives at the location of spacing 
D / 2 (1/2 of the width of face of the scanning direction of the exposure field 24) to the exposure field 24, 
measurement of the focal location by the multipoint focus location detection system is started from the 
exposure field 24 by sample field 43B of spacing D / 2 outside from sample field 43 A of spacing D / 2, and 
the exposure field 24 to the inside. Then, as shown in drawing 13 (f), when the point of the shot field SA 
contacts the exposure field 24, based on the measurement value of the focal location in the wrap detection 
region 46, leveling control of the scanning direction is performed in the exposure field 24, and automatic 
focus control is performed based on the measurement value of the focal location in the detection region 47 
which consists of one sample point. o 
[0094] Next, as shown in drawing 13 (g), when the point of the shot field SA enters in the exposure field 24 
only in width-of-face D / 2, based on the measurement value of the focal location in the wrap detection 
region 46, leveling control of the scanning direction is performed in the exposure field 24, and automatic 
focus control is performed based on the measurement value of the focal location in the detection region 47 
of width-of-face D / 2. Moreover, as shown in drawing 13 (h), when the shot field SA comes to cover the 
exposure field 24, based on the measurement value of the focal location in the wrap detection region 46, 
leveling control of the scanning direction is performed in the exposure field 24, and automatic focus control 
is performed based on the measurement value of the focal location in the wrap detection region 47 in the 
exposure field 24. Drawing 13 shows that run-up scan length (= D/2) is made to one half compared with the 
perfect predicting method by the division predicting method. 

[0095] In addition, in the above-mentioned example, in order to measure the focal location of the multipoint 
of the exposure side of a wafer, the multipoint focus location detection system which projects on a wafer the 
opening pattern image of the shape of a slit arranged two-dimensional is used. Carrying out a deer, the 
image of the pattern which is the shape of a slit long and slender in the non-scanning direction may be 
projected on a wafer, and the 1 -dimensional focal location detection system which measures the focal 
location of the whole non-scanning direction may be used [ instead ]. Moreover, even when measuring 
distribution of the two-dimensional focal location on the exposure side of a wafer using the focal location 
detection system of an image-processing method, highly precise focusing and highly precise leveling can be 
performed by applying the same division read ahead as the above-mentioned example etc. Furthermore, 
leveling actuation of only the non-scanning direction may be performed in this example, without performing 
leveling actuation of the scanning direction to the leveling error of the non-scanning direction, since the 
leveling error of the scanning direction is small so that drawingJ7 may show. 

[0096] In addition, of course, configurations various in the range which this invention is not limited to the 
above-mentioned example, and does not deviate from the summary of this invention can be taken. 

[0097] u 
[Effect of the Invention] According to the 1st field location equipment of this invention, in the projection 
aligner of a slit scan exposure method, the error by the irregularity of the front face of a sensitization 
substrate, the measurement precision of a multipoint measurement means, air fluctuation, etc. is amended, 
and there is an advantage with which the exposure side of a sensitization substrate can be doubled in parallel 
with high precision to the image surface of projection optics. 

[0098] Moreover, when the sensitization substrate is scanned through the substrate side stage and a 
multipoint measurement means samples the height of the sensitization substrate in two or more measure 
points by the datum reference of a substrate side stage, the tilt angle of a scanning direction can be measured 
more to high degree of accuracy. Moreover, in measuring the height of the sensitization substrate, 
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respectively in two or more measure points when a multipoint measurement means becomes from two or 
more points in the field of this side at the time of a sensitization substrate being scanned to the inside of two 
or more points in an exposure field [ **** ], and the exposure field [ **** ] of those about the lighting field 
and the projection optics of a predetermined configuration, there is an advantage which can shorten the run- 
up scan distance at the time of initiation of exposure by division read-ahead control. 
[0099] Moreover, when a multipoint measurement means changes the location of two or more measure 
points to one shot field of a sensitization substrate one by one in the process which exposes the pattern of a 
mask one by one, both leveling precision and a throughput can be improved by using together for example, a 
division read ahead and a full read ahead. Moreover, according to the 2nd field location equipment of this 
invention, in the projection aligner of a slit scan exposure method, the error by the irregularity of the front 
face of a sensitization substrate, the measurement precision of a multipoint measurement means, air 
fluctuation, etc. is amended, and there is an advantage with which the focal location of the exposure side ot 
a sensitization substrate can be correctly doubled to the image surface of projection optics. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/4/2006 



JP,06-283403,A [DRAWINGS] 



Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Procedure revision] 

[Filing Date] June 14, Heisei 11 (1999. 6.14) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] The scan exposure approach, field location equipment, a scanning aligner, and the 

device manufacture approach that uses said approach 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, The projection optics which projects the pattern of said mask in 
said lighting field on a sensitization substrate, It is field location equipment for being prepared in the aligner 
which has the substrate side stage which scans said sensitization substrate synchronizing with said mask, 
and doubling the exposure side of said sensitization substrate in parallel with the image surface of said 
projection optics, 

A multipoint measurement means to measure the height of a direction parallel to the optical axis of said 
projection optics of said sensitization substrate in two or more measure points including two or more points 
of the direction which crosses in the direction in which said sensitization substrate is scanned, respectively, 
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An operation means to ask for the difference of the tilt angle between the exposure side of said sensitization 
substrate, and the image surface of said projection optics from the measurement result of this multipoint 
measurement means, 

It is prepared in said substrate side stage, and has the inclination setting stage which sets up the tilt angle of 
the direction which intersects perpendicularly in the tilt angle of the direction of said scan of said 
sensitization substrate, and the direction of said scan based on the difference of said tilt angle called for by 
said operation means, 

Field location equipment characterized by making a speed of response in case this inclination setting stage 
sets up the tilt angle of the direction of said scan of said sensitization substrate differ from the speed of 
response when setting up the tilt angle of the direction which intersects perpendicularly towards said scan. 
[Claim 2] Said multipoint measurement means is field location equipment according to claim 1 
characterized by sampling the height of said sensitization substrate in said two or more measure points by 
the datum reference of said substrate side stage when said sensitization substrate is scanned through said 
substrate side stage. 

[Claim 3] Said multipoint measurement means is field location equipment according to claim 1 or 2 
characterized by measuring the height of said sensitization substrate, respectively in two or more measure 
points which consist of two or more points in the field of this side at the time of said sensitization substrate 
being scanned to the inside of two or more points in an exposure field [ **** ], and said exposure field 
[****] about the lighting field and said projection optics of said predetermined configuration. 
[Claim 4] Said multipoint measurement means is field location equipment according to claim 1 
characterized by changing the location of the measure point of the sequential aforementioned plurality to 
one shot field of said sensitization substrate in the process which exposes the pattern of the sequential 
aforementioned mask. 

[Claim 5] The illumination-light study system which illuminates the lighting field of a predetermined 
configuration with exposure light, and the mask side stage which scans the mask in which the pattern for 
exposure was formed to said lighting field, The projection optics which projects the pattern of said mask in 
said lighting field on a sensitization substrate, It is field location equipment for being prepared in the aligner 
which has the substrate side stage which scans said sensitization substrate synchronizing with said mask, 
and doubling the height of the exposure side of said sensitization substrate with the image surface of said 
projection optics, 

A height measurement means to measure the height of a direction parallel to the optical axis of said 
projection optics of said sensitization substrate in the predetermined measure point in the measurement field 
which consists of a field of this side at the time of said sensitization substrate being scanned to an exposure 
field [****] and this exposure field about the lighting field and said projection optics of said predetermined 
configuration, 

An operation means to ask for the difference of the average height of the exposure side of said sensitization 
substrate, and the height of the image surface of said projection optics based on the maximum and the 
minimum value of two or more height measurement results obtained by said height measurement means 
when said sensitization substrate is scanned, 

Field location equipment characterized by having the height setting stage which sets up the height of said 
sensitization substrate based on the difference of said height which was prepared in said substrate side stage 
and found by said operation means. 

[Claim 6] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd body 
to the exposure beam which passed the projection system synchronizing with moving the 1st body to an 
exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical axis 
of said projection system in two or more measure points during migration of said 2nd body, 
It has a setting means to set up the inclination of said 2nd body during migration of said 2nd body based on 
the detection result of said detection means, 

This setting means is a scanning aligner characterized by changing the speed of response when setting up 
the inclination of the speed of response when setting up the inclination of the migration direction of said 2nd 
body, the migration direction of said 2nd body, and the crossing direction. 

[Claim 7] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd body 
to the exposure beam which passed the projection system synchronizing with moving the 1st body to an 
exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical axis 
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of said projection system in two or more measure points during migration of said 2nd body, 
The adjustment device which adjusts the physical relationship of the image surface of said projection 
system, and said 2nd body during migration of said 2nd body based on the maximum of the positional 
information detected at two or more detecting points of said detection means, and the minimum value, 
The scanning aligner characterized by preparation ******. 

[Claim 8] Said adjustment device is a scanning aligner according to claim 7 characterized by performing 
weighting to said maximum and said minimum value, and making the field of the request on said 2nd body 
substantially in agreement with the image surface of said projection system. 

[Claim 9] Said adjustment device is a scanning aligner according to claim 7 or 8 characterized by adjusting 
the inclination relation between the image surface of said projection system, and said 2nd body about the 
migration direction of said 2nd body, and the crossing direction. 

[Claim 10] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body to 
an exposure beam, 

A detection means to detect the positional information of said 2nd body about the direction of an optical axis 

of said projection system in two or more detecting points during migration of said 2nd body, 

An alignment means to carry out weighting to the positional information detected at two or more detecting 

points of said detection means, and to perform alignment of the field of the request on said 2nd body, and 

the image surface of said projection system during migration of said 2nd body, 

The scanning aligner characterized by preparation ******. 

[Claim 11] Said alignment means is a scanning aligner according to claim 10 characterized by adjusting the 
inclination relation between the request side on said 2nd body, and the image surface of said projection 
system about the migration direction of said 2nd body, and the crossing direction. 

[Claim 12] Said alignment means is a scanning aligner according to claim 10 or 1 1 characterized by having 
an independently movable respectively supporting point, adjusting the movement magnitude of this 
supporting point, respectively, and performing alignment of the image surface of said projection system, and 
the field of the request on said 2nd body while supporting said 2nd body. 

[Claim 13] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body to 

an exposure beam, i 

A detection means to detect the positional information of said 2nd body about the direction of an optical axis 

of said projection system at two or more detecting points during migration of said 2nd body, 

It has a setting means to perform a field setup of said 2nd body to the image surface of said projection 

system during migration of said 2nd body based on the detection result of said detection means, 

The scanning aligner characterized by changing the speed of response when performing a field setup of said 

2nd body according to the passing speed of said 2nd body. 

[Claim 14] Said speed of response is a scanning aligner according to claim 13 characterized by being 

managed with a filter. t 

[Claim 15] Modification of said speed of response is a scanning aligner according to claim 13 characterized 

by including modification of the servo gain of the mechanical component of said setting means. 

[Claim 16] Said detection means is a scanning aligner given in any 1 term of claims 6-15 characterized by 

having a detecting point in the exposure field of the exposure beam which passed said projection system. 

[Claim 17] Said detection means is a scanning aligner given in any 1 term of claims 6-15 characterized by 

having the detecting point which is distant from the exposure field of the exposure beam which passed said 

projection system. 

[Claim 18] Said two or more detecting points are scanning aligners given in any 1 term of claims 6-17 
characterized by being separated and set up in the migration direction of said 2nd body, and the crossing 
direction. 

[Claim 19] Said two or more detecting points are scanning aligners according to claim 18 characterized by 
being arranged two-dimensional. 

[Claim 20] In the scanning aligner which carries out scan exposure of said 2nd body by moving the 2nd 
body to the exposure beam which passed the projection system synchronizing with moving the 1st body to 
an exposure beam, 

A detection means to detect the concavo-convex information on the exposure side of said 2nd body, 
In order to perform alignment of the exposure side of said 2nd body, and the image surface of said 
projection system during scan exposure of the exposure side of said 2nd body, it has a setting means to 
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perform a field setup of said exposure side based on the concavo-convex information detected with said 
detection means, 

This setting means is a scanning aligner characterized by controlling a field setup which worsens the 
alignment precision of said image surface and said exposure side. 

[Claim 21] The scanning aligner according to claim 20 characterized by detecting the concavo-convex 
information on the exposure side of said 2nd body with said detection means in advance of scan exposure of 
said 2nd body, moving said 2nd body in order to control said field setup. 

[Claim 22] Said detection means is a scanning aligner according to claim 20 or 21 characterized by 
detecting said concavo-convex information, when the positional information of the exposure side of said 
2nd body about the direction of an optical axis of said projection system measures in two or more measure 
points during migration of said 2nd body. 

[Claim 23] Said setting means is a scanning aligner given in any 1 term of claims 20-22 characterized by 
having a control means for controlling said field setup. 

[Claim 24] Said control means is a scanning aligner according to claim 23 characterized by controlling said 
field setup by carrying out filtering processing of the information detected with said detection means. 
[Claim 25] Said setting means is a scanning aligner given in any 1 term of claims 20-23 characterized by 
controlling said field setup by having a mechanical component for moving the supporting point of said 2nd 
body in the direction of an optical axis of said projection system, and adjusting the servo gain of this 
mechanical component. 

[Claim 26] Said servo gain is a scanning aligner according to claim 25 characterized by being adjustable 
according to the passing speed of said 2nd body. 

[Claim 27] Said setting means is a scanning aligner given in any 1 term of claims 20-26 characterized by 
controlling a setup of the inclination of the exposure side of said 2nd body. 

[Claim 28] The device manufacture approach using a scanning aligner given in any 1 term of claims 6-27. 
[Claim 29] In the scan exposure approach which carries out scan exposure of said 2nd body by moving the 
2nd body to the exposure beam which passed the projection system synchronizing with moving the 1 st body 
to an exposure beam, 

The scan exposure approach characterized by changing the speed of response when setting up the inclination 
of the speed of response when setting up the inclination of the migration direction of said 2nd body, the 
migration direction of said 2nd body, and the crossing direction in case the inclination of said 2nd body is 
set up during migration of said 2nd body. 

[Claim 30] In the scan exposure approach which carries out scan exposure of said 2nd body by moving the 
2nd body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

The scan exposure approach characterized by changing the speed of response when setting up the inclination 
of the migration direction of said 2nd body according to the passing speed of said 2nd body in case the 
inclination of said 2nd body is set up during migration of said 2nd body. 

[Claim 31] In the scan exposure approach which carries out scan exposure of said 2nd body by moving the 
2nd body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

The scan exposure approach characterized by adjusting the physical relationship of the image surface of said 
projection system, and said 2nd body based on the maximum of the positional information detected at these 
two or more detecting points, and the minimum value while detecting the positional information of said 2nd 
body about the direction of an optical axis of said projection system in two or more measure points during 
migration of said 2nd body. 

[Claim 32] In the scan exposure approach which carries out scan exposure of said 2nd body by moving the 
2nd body to the exposure beam which passed the projection system synchronizing with moving the 1st body 
to an exposure beam, 

The scan exposure approach which carries out weighting to the positional information which detects the 
positional information of said 2nd body about the direction of an optical axis of said projection system in 
two or more detecting points, and is detected at these two or more detecting points during migration of said 
2nd body, and is characterized by the thing of the field of the request on said 2nd body, and the image 
surface of said projection system to do for alignment. 

[Claim 33] Said two or more detecting points are the scan exposure approaches according to claim 31 or 32 
characterized by including the detecting point in the exposure field of the exposure beam which passed said 
projection system. 
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[Claim 34] Said two or more detecting points are the scan exposure approaches given in any 1 term of 
claims 31-33 characterized by including the detecting point which is distant from the exposure field of the 
exposure beam which passed said projection system. 

[Claim 35] Said two or more detecting points are the scan exposure approaches according to claim 33 or 34 
characterized by including two or more detecting points which separated in the migration direction of said 
2nd body, and the crossing direction. 

[Claim 36] In the scan exposure scan exposure approach which carries out scan exposure of said 2nd body 
by moving the 2nd body to the exposure beam which passed the projection system synchronizing with 
moving the 1 st body to an exposure beam, 

The scan exposure approach characterized by controlling a field setup which worsens the alignment 
precision of said image surface and said exposure side when carrying out scan exposure of said exposure 
side, performing a field setup of said exposure side based on the concavo-convex information on said 
exposure side in order to perform alignment of the exposure side of said 2nd body, and the image surface of 
said projection system. 

[Claim 37] The scan exposure approach according to claim 36 characterized by detecting the concavo- 
convex information on the exposure side of said 2nd body in advance of scan exposure of said 2nd body, 
moving said 2nd body in order to control said field setup. 

[Claim 38] Said concavo-convex information is the scan exposure approach according to claim 37 
characterized by asking when the positional information of the exposure side of said 2nd body about the 
direction of an optical axis of said projection system detects in two or more measure points, moving said 
2nd body. 

[Claim 39] Control of said field setup is the scan exposure approach given in any 1 term of claims 36-38 

characterized by including control of an inclination setup of the exposure side of said 2nd body. 

[Claim 40] The device manufacture approach using the scan exposure approach given in any 1 term of 

claims 29-39. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0001] 

[Industrial Application] This invention is used for the projection aligner of the slit scan exposure method 

equipped with for example, the automatic focus device or the auto leveling device, and relates to the suitable 

scan exposure approach. Furthermore, this invention relates to the device manufacture approach which uses 

the scan exposure approach for the field location equipment which can be used in case such a scan exposure 

approach is enforced and a scanning aligner, and a list. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0014] This invention aims at offering the scan exposure approach which can be used in the projection 

aligner of a slit scan exposure method in order to double the exposure side of a sensitization substrate with 

high precision to the image surface of projection optics in view of this point. Furthermore, this invention 

aims also at offering the device manufacture approach that a device can be manufactured with high precision 

using the scan exposure approach in the field location equipment which can be used in case the scan 

exposure approach is enforced and a scanning aligner, and a list. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0018 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0018] Moreover, as for the multipoint measurement means, it is desirable to change the location of the 
measure point of these plurality to one shot field of a sensitization substrate (5) one by one in the process 
which exposes the pattern of a mask (12) one by one. Moreover, the 2nd field location equipment by this 
invention The mask side stage which scans the mask (12) with which the pattern for exposure was formed to 
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the lighting field with the illumination-light study system which illuminates the lighting field of a 
predetermined configuration with exposure light (10), The projection optics which projects the pattern of the 
mask in the lighting field (12) on a sensitization substrate (5) (8), It is prepared in the aligner which has the 
substrate side stage (2) which scans a sensitization substrate (5) synchronizing with a mask (12). It is field 
location equipment for doubling the height of the exposure side of a sensitization substrate (5) with the 
image surface of projection optics (8). In the predetermined measure point in the measurement field which 
consists of a field of this side at the time of a sensitization substrate (5) being scanned to an exposure field 
[****] (24) and this exposure field about the lighting field and projection optics (8) of that predetermined 
configuration A height measurement means to measure the height of a direction parallel to the optical axis 
of the projection optics (8) of a sensitization substrate (5) (62A, 69 A), The inside of two or more height 
measurement results obtained by the height measurement means when a sensitization substrate (5) is 
scanned, An operation means to ask for the difference of the average height of the exposure side of a 
sensitization substrate (5), and the height of the image surface of projection optics (8) based on maximum 
and the minimum value (71 A), It is prepared in a substrate side stage (2), and has the height setting stage (4) 
which sets up the height of a sensitization substrate (5) based on the difference of the height found by the 
operation means (71 A). Next, the 1st scanning aligner by this invention By moving the 2nd body to the 
exposure beam which passed the projection system synchronizing with moving the 1st body to an exposure 
beam A detection means to detect the positional information of the 2nd body about the direction of an 
optical axis of the projection system in two or more measure points during migration of the 2nd body in the 
scanning aligner which carries out scan exposure of the 2nd body, It has a setting means to set up the 
inclination of the 2nd body during migration of the 2nd body based on the detection result of the detection 
means. This setting means The speed of response when setting up the inclination of the speed of response 
and the migration direction of the 2nd body of [ when setting up the inclination of the migration direction of 
the 2nd body ], and the crossing direction is changed. Moreover, the 2nd scanning aligner by this invention 
By moving the 2nd body to the exposure beam which passed the projection system synchronizing with 
moving the 1st body to an exposure beam A detection means to detect the positional information of the 2nd 
body about the direction of an optical axis of the projection system in two or more measure points during 
migration of the 2nd body in the scanning aligner which carries out scan exposure of the 2nd body, It has the 
adjustment device which adjusts the physical relationship of the image surface and the 2nd body of the 
projection system during migration of the 2nd body based on the maximum of the positional information 
detected at two or more detecting points of the detection means, and the minimum value. Moreover, the 3rd 
scanning aligner by this invention By moving the 2nd body to the exposure beam which passed the 
projection system synchronizing with moving the 1st body to an exposure beam A detection means to detect 
the positional information of the 2nd body about the direction of an optical axis of the projection system in 
two or more detecting points during migration of the 2nd body in the scanning aligner which carries out scan 
exposure of the 2nd body, It has an alignment means to carry out weighting to the positional information 
detected at two or more detecting points of the detection means, and to perform alignment of the field and 
the image surface of a projection system of the request on the 2nd body during migration of the 2nd body. 
Moreover, the 4th scanning aligner by this invention By moving the 2nd body to the exposure beam which 
passed the projection system synchronizing with moving the 1st body to an exposure beam A detection 
means to detect the positional information of the 2nd body about the direction of an optical axis of the 
projection system at two or more detecting points during migration of the 2nd body in the scanning aligner 
which carries out scan exposure of the 2nd body, During migration of the 2nd body, it has a setting means to 
perform a field setup of the 2nd body to the image surface of the projection system based on the detection 
result of the detection means, and the speed of response when performing a field setup of the 2nd body is 
changed according to the passing speed of the 2nd body. Moreover, the 5th scanning aligner by this 
invention By moving the 2nd body to the exposure beam which passed the projection system synchronizing 
with moving the 1 st body to an exposure beam A detection means to detect the concavo-convex information 
on the exposure side of the 2nd body in the scanning aligner which carries out scan exposure of the 2nd 
body, It has a setting means to perform a field setup of the exposure side based on the concavo-convex 
information detected with the detection means in order to perform alignment of the exposure side and the 
image surface of a projection system of the 2nd body during scan exposure of the exposure side of the 2nd 
body. This setting means controls a field setup which worsens the alignment precision of the image surface 
and its exposure side. The 1st scan exposure approach by this invention next, by moving the 2nd body to the 
exposure beam which passed the projection system synchronizing with moving the 1st body to an exposure 
beam When the inclination of the 2nd body is set up during migration of the 2nd body in the scan exposure 
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approach which carries out scan exposure of the 2nd body, The speed of response when setting up the 
inclination of the speed of response and the migration direction of the 2nd body of [ when setting up the 
inclination of the migration direction of the 2nd body ], and the crossing direction is changed. The 2nd scan 
exposure approach by this invention moreover, by moving the 2nd body to the exposure beam which passed 
the projection system synchronizing with moving the 1st body to an exposure beam In the scan exposure 
approach which carries out scan exposure of the 2nd body, in case the inclination of the 2nd body is set up 
during migration of the 2nd body, the speed of response when setting up the inclination of the migration 
direction of the 2nd body is changed according to the passing speed of the 2nd body. The 3rd scan exposure 
approach by this invention moreover, by moving the 2nd body to the exposure beam which passed the 
projection system synchronizing with moving the 1st body to an exposure beam In the scan exposure 
approach which carries out scan exposure of the 2nd body, while detecting the positional information of the 
2nd body about the direction of an optical axis of the projection system in two or more measure points 
during migration of the 2nd body Based on the maximum of the positional information detected at these two 
or more detecting points, and the minimum value, the physical relationship of the image surface and the 2nd 
body of the projection system is adjusted. The 4th scan exposure approach by this invention moreover, by 
moving the 2nd body to the exposure beam which passed the projection system synchronizing with moving 
the 1 st body to an exposure beam In the scan exposure approach which carries out scan exposure of the 2nd 
body during migration of the 2nd body Weighting is carried out to the positional information which detects 
the positional information of the 2nd body about the direction of an optical axis of the projection system in 
two or more detecting points, and is detected at these two or more detecting points, and it is the thing of the 
field and the image surface of a projection system of the request on the 2nd body which carries out 
alignment. The 5th scan exposure approach by this invention moreover, by moving the 2nd body to the 
exposure beam which passed the projection system synchronizing with moving the 1st body to an exposure 
beam When carrying out scan exposure of the exposure side, performing a field setup of the exposure side 
based on the concavo-convex information on the exposure side in the scan exposure scan exposure approach 
which carries out scan exposure of the 2nd body in order to perform alignment of the exposure side and the 
image surface of a projection system of the 2nd body A field setup which worsens the alignment precision 
of the image surface and its exposure side is controlled. Next, the scanning aligner of above-mentioned this 
invention is used for the 1st device manufacture approach by this invention. Moreover, the scan exposure 
approach of above-mentioned this invention is used for the 2nd device manufacture approach by this 
invention. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0019 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0019] 

[Function] In this this invention, in case the mask (12) as the 1st body and the sensitization substrate (5) as 
the 2nd body are scanned synchronously and the pattern image of a mask (12) is exposed on a sensitization 
substrate (5), the height of a sensitization substrate (5) is measured using the multipoint measurement means 
in two or more measure points containing the measure point before the direction of the scan. And it asks for 
the tilt angle of a sensitization substrate (5) by acquiring multiple-times height information along the 
direction of a scan, respectively in the measure point of these plurality. Then, in case the pattern image of a 
mask (12) is exposed to the field to which the tilt angle was called for such, the tilt angle of the field is set 
up based on the tilt angle for which it asked beforehand. Thereby, the exposure side of a sensitization 
substrate (5) is set up in parallel with the image surface of projection optics (8) also by the slit scan exposure 
method. 

[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0027 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0027] In this invention, in order to remove these errors, the responsibility of the scanning direction of a 
leveling device and the responsibility of the non-scanning direction are changed. It is premised on the focal 
location detection system of the multipoint of an oblique incidence mold as a multipoint measurement 
means for auto leveling devices in this invention. Moreover, it aims at making maximum of the gap with 
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each point of the exposure side in the predetermined field, and the image surface of projection optics into 

min regardless of the average field of the exposure side of the sensitization substrate in the predetermined 

field in the exposure field of projection optics. Thus, in the predetermined field in the exposure field of 

projection optics, the exposure field in case the maximum of the gap with almost all the points of the 

exposure side of a sensitization substrate and the image surface of projection optics is min is called "the 

good field (Good Field)." 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0035 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0035] Next, the automatic focus control in this invention is considered. If the concept of the above- 
mentioned good field (Good Field) is taken in, as shown in drawing 16, precision may get worse by 
performing equalization processing of the focal location of each measure point in center-section 24a of the 
exposure field 24, and doubling with the image surface of projection optics the field shown by the average 
of the focal location. That is, drawing 18 (a) shows field 34A corresponding to the average of the focal 
location of each measure point of exposure side 5a with the crevice of depth H of a sensitization substrate, 
and the difference deltaZ3 of the direction of a focus of the field 34A and crevice is large from H/2. 
[Procedure amendment 9] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0097 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0097] 

[Effect of the Invention] According to the 1st field location equipment of this invention, the 1st scanning 

aligner, the 1st scan exposure approach, etc., in the projection aligner of a slit scan exposure method, the 

error by the irregularity of the front face of a sensitization substrate, the measurement precision of a 

multipoint measurement means, air fluctuation, etc. is amended, and there is an advantage with which the 

exposure side of a sensitization substrate can be doubled in parallel with high precision to the image surface 

of projection optics. 

[Procedure amendment 1 0] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0099 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0099] Moreover, when a multipoint measurement means changes the location of two or more measure 
points to one shot field of a sensitization substrate one by one in the process which exposes the pattern of a 
mask one by one, both leveling precision and a throughput can be improved by using together for example, a 
division read ahead and a full read ahead. Moreover, according to the 2nd field location equipment of this 
invention, the 2nd scanning aligner, the 3rd scan exposure approach, etc., in the projection aligner of a slit 
scan exposure method, the error by the irregularity of the front face of a sensitization substrate, the 
measurement precision of a multipoint measurement means, air fluctuation, etc. is amended, and there is an 
advantage with which the focal location of the exposure side of a sensitization substrate can be correctly 
doubled to the image surface of projection optics. 
[Procedure amendment 1 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] drawing 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Drawing 1] It is the block diagram showing the projection aligner of one example of this invention. 



[Translation done.] 
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(COixT, 1/^y ^ffl^ffl/^ (Cxi 

^r^^igt^ttJ: 9«v> MSAi) . JW±coj:9(-. 
7^-^S^o. 5«Ti:^6 «t 91-^^-— ^^^M^ 

[0 0 3 1] — EI 1 7 (b) (2, y^^^l^l" 
-<y >^JS#JBtt* f m^drt^^l/^U > 
^J*»JBjft* f n J: «9 < , J.oWJS««»«[ f m 

1^7^-^siSU WA3(i^^t^t^ 

K1^'7^-^S, ft^B 3(i^^^-^>^^](7)iiS^ 
7 (a) £0 17 (b) t<VSt&£<9, 

mi 7 (a) ) <om&£ v t«;»H«*^/hsv^ (h 

17 (b) ) ^CO^T^, R^7P<-^SJOSO. 5fC 
[0 0 3 2] ^/c, @17 (b) <D«-Ctt, 

[0033] Sfc, t-h^yy^iflSfflwMftffl 
-to9f*?K*^l»W««4:JS:*3fe¥* (8) ic 
BLT#*«***WE (2 4) 

tt4«#««rtic#LTtf#«« (5) ^jfeaesttsBR 

T, S^Sffi (5) offi^Sr-tix-tfnffffli-S*^;: 
is, ^stjcof+ay^icio v ^t»^w«ci 7 * - ^7 ^ f5sco5fe 
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Jfc^T, Uftl£X'lC&&nm^&X*7*-*X 

[0 0 3 4] ^^J+ffl^g^ 
(5) <D s/ hffiigc— Ull^-v^^ (12) (TV* 

[0035] &mw<om 2 (DmiLW&fcmm^ts 

U^y-i—jvy (Good Field) (dWl&%:&K) XixZ> t , 
m l 6{z^-TX H7t^^— K2 4C0^*gP2 4 

fc£o fiP^>, 11 8 (a) tt, ^ft£ffi<73i££H<7)|]OS5 

3 4 A£^U -£<Dm3 4 AtmUk<D7 
^^*toiAZ3il H/2J:5**<4otV^ 

[0 0 3 6] rn(catLT**WtC*3V^Ttt. Hft® 5 
-frfc^i&tpJ: [118 (b) te % JS3fcS«cog|S 

-^tta^rt^ft^z... <tft/Mtez. in io*pa 

(7)^^ — X *{iLS^'ttJZ'~tZ)ffi 3 4 B£^U S34B 
5o 

Z 3 , B - (Z... + Z ain ) /2 (3) 
[0 0 3 7] ^^i3 4B«**^I 

iC^Jbiir&StlSo Sfc* B3 4 B £H^tffi5 a tf^ffi 
(h(D7^-^^^C7)iAZ4cb, ffi 3 4 B t^tCOmU 

2ttott^ 0 IP^>, 118 (a) c^ffi3 4A(CJt-< 
T0 18 (b) 0i3 4B(D^\ Sf7fe®5a±0#^ 

«>, fiffi7-f-;UK (Good Field) <0«E^±"Cfi. * 
[0 0 3 8] JgtC, (Hi 7 (a) <DX 5 

Z M „ = (M • Z... + N • Z. 5n ) 

[0 0 4 2] 



( 7 ) 4$BB5p6 - 2 8 3 4 0 3 

12 

- h ^ymm&n? tm^^ mi 8 ( a > <e>*f 

(b) coft^M^*/J^ffl<b^¥^fa(cS-5<^-- h:7* 

5»S^5^-^S<0«H±S:*tt-e*LHl 9 (a) &tf 
(b) (C^i- 0 IP*>, 5P*&{k«t3aiwS<5<Hl 9 (a) 

t^w»i^7^-^SS:$t, *fc, ft^cflirft 
10 /Jxffii<05pjSSHB^a<5<Hl 9 (b) (C*5t^T, J&UlA 

[0 0 3 9] 119 (b) i9W^4±5fC % S^fli: 
Lfc^tct^ £t<£>e&^9'°^-^ F s IP 
ifi< 4otV^«C, ^fk^LSt-S^^T^— h:7 

[0040] 015 (a) XV (b) Icjg 9 , Sf 

»<D^&iSLfc»^lc:te, 0 15 (a) lc^1-J; 9 
S*S2 • A Z a 9 ^W-r^^Tt® 5 a MIT, 

ft^ffii:^^^- — ^7^fi«<7?^^ A Z a tf>® 3 6 Art*** 
»3t*^o«ffi«c:-&to*ji4tL5o — «2 • AZ 
a 0***0 4* *-T5®7tS 5 a (C^LT, *{C^tt^f+ 

0 t, 0 15 ( b ) iC^-fct 9 (C, fiH A Z c (> 2 ■ 
AZa) (7)j6HrtT*ft^ffi^^07^- — ^7-Xf4«<^|S^ 
AZb (> AZ a) <Dffi3 6 B^ja»3fe*3R©fftB5«C-& 
to*ii*^5ri:^fc5 0 Sot, t-h^yy^i 

40 [0 0 4 1] 4*5, *?8Wm (7* — ^^fiBcOS 
— ^^fiBZMK^ffiSrftffilc^fe'tir-S «t 

/ (M+N) (4) 
50 [ftlfeM] KXT> *3BW(0-36*WJco#HffiSr*ifiaL 
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ts titzMwit^fr b commit ELias &B(DMwm 

« (^T, r*y y httoflHHftttj t^^o) izxv^ 

a*S«#¥3S 8 Lt^XA 5 ±{Z&&Uft ZtlZo 

r^w, mftftEL<D*v y htt<Dmwmmztti,x. 
u^^/ui 2^n i <D%&mzft[^x^mjjfa (jLtefaz. io 

5ttHlO«ffijC*tLTrBir p«| (Xtt^f!u*ft) \z- 
£i££v//3 (i//3tta«***8o»/h«*) -Cjfe 

[0 0 4 3] U^^yUl 2&U^:^5cqI*I)!j^{CO^ 
^lO^fUH, r (7)U-^^/^Y,IEtt]^7 1 — i/1 0_h 

¥ff*X*iRi, Y*fa&tf[H]te*ft (0*1*]) fc-tivP 
*tl»/J^«*rit JLojiSWatJc yn 2 o{4Bffl»£rfT 

9o L/^^^/Jn|EKj^^-^ 1 l±(C(i^K]^2 Id* 

r*h Y*fr&t>*0*fa<7M4Bri 5j e-:? — Sti/Ci^S. T 
iMH 4JdJ:5#bixfcffiiMMRs l*t£fflft?R2 2 A 

[0 0 4 4]-*, ^3i^«F-&l±(CJi, Y$ft*r^(C 
IIK»gft^^^^^Y#|g»)^x-v ; 2^gcH$n, ^<£> 
± Id X 14* fp] (CiESft g ft ft * rc y s x $&mW) * 7 - *J 3 ^ 

ft, dCOZ l/-<y V^*^— ^4 ±{C*3^5dSXffi!R 

izx^, z^yy^r-^4ox*f$], Y*fa&u< 

3^2 2 Af2, !?^/>iB!d^@2 2 B§SriMt!>x/NY 
[0 0 4 5] £fc x •>^/N{Ri](D^i$f+ 1 3 ICfcoTfHfliJ 

m<D=Fmt i 4 ic «t o x tt-n £ tizmmiz x <o mm $ n 

X — v ? 4±<D£ji^5 (7)i5SicS$v- *«6;&*BJ££ 



»P3¥6- 2 8 3 4 0 3 
14 

>^^x-v>4 «(c»jMxfc!H9i#lc <fc 9 KflBa* S> BB W 
[0 0 4 6] #0ijGDU^/H 2C0±*tCte. SV^ — 

tffizmm-r ^t^w^^^F 1 9 & 
2 2A^bo»*ofci-e 1 ^7-mmmmi 7Rxii 

8 lz£ V zti*:inffifa$ 7- 1 SRTfl 6teWm£ti 

So 

[0 0 4 7] Bl 1 <DX V y bX^V^Jj^lSL&mytm 
Hi-, EI 2 0SO12 1 t#iLTRWLt«**a«) 

V^o 12 2 (b) tt. 121 (b) <DV£%:<D'<# — >>M 

H2 (b) (C^i-J; 5 (C N /^->M«6 2A(7) 
Sn?lJ@(Cte9e<D;*y > y htfc(OBBP^^^ — ^7 2-1 
1-7 2-1 9tfteJ$.£tl. *25iJB-|B55lJB^t* 
tt-ett9<BO^P^<^ — V7 2-12 — 72-5 9^® 
fiRSttTV^So IP*,, ^^-yMS6 2AC(l 
X4 5f@c7)x y ^ hft<Dmns<* — ^tftetiii&tix& 

^^5<7)B^S±fcxW&VYtticStLT^*(cS^$ 

[0 0 4 8] El 2 (a) fi, *W(Oa^3t^8COT* 
<7)r> J./N5 0|g7t®^^:L, 1(7)12 (a) [C^SV>T, 

8 on?K^flaw«» 2 3 \zthm-tZ) x*^]ic 

ft V^^B* 7^—/ls K 2 4 f^ldE] 1 <D\y^^fV 1 2 

<D/** — ^asBjtSi-u :<?)l*7>f-/i/K2 4l^L 

&*7* — t>*{tLW.%k\tiJfc\Z X V s I*7>f-^K2 4 
<^Y*fni^±ftijOX*f6](c#t>Yc^ l ^ijo 9 flgcof+aiS 
AF 1 l-AF 1 9, »2yiJ<£>f+8J,£AF 2 1-AF 2 

9 , B5t7>r — ^ K2 4 ft (DM 3 m<Dtmi& A F 31- 
AF3 9, 8*7>f-/uK2 4 Y*r6]©T«^fB4 5»J 
OH-M^A F 4 1 - A F 4 9 Stf« 5 ^J^ftffi'J^ A F 5 

1 -AF 5 9{Z*tlZ:tiX y y h««P/^-^f 

[0 0 4 9] HI 2 (c) (i, *0»JCO#^^^-^7^teB 
^tti^C7)S7t^6 9 ASttj^U ^^S7t§ff6 9 A±(C^ 

1 ?IJ g 9 (@<D§3t^ 75-11-75-19 ^E 
B$*L, ^2^J@-^5^lJ@iCt i ^tL^tL9f@(7)g:7t^ 
^-75-1 2 — 75-5 9riSEfi£*LTV*£ 0 fiP*>, S 
7t^6 9AiC(i N ^f+T'4 5fl©S3t*-T-^E?lJSnT 
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7 5- 5 9 llC-ttlfill 2(a) <Df+SiJ * A Fll- 
AF 5 9(cS^^tlfc^y y h#:<nWiU'<#-l/<0®Lfr 
W&i&Ztl&o tLt, £^^5^B*®-CR#t£ixf:: 
E2 0<7)|Hlte^S|ft4E6 7(c»/Ci-5fiS6ffi-C 

[0 0 5 0] ^STt^^f 75-1 1-75-59 O&tfcJ 

ft -^tos^B 7 1 a tcw^ s ti. m^&mmm i io 

-AF 5 9W7t- *7ttil:»Jtt5 4 5fi(D7t- 
it U :tLb4 5 f@CO^^- — ^7Xm-^C0rt 

ffll^2 2A(4, ^tftf&Stlfcl^y >JfftRTf7*- 
#*{£B(-So^TI*»j^B2 2 B&t>*Z W< V 20 
X — v>4 ^Lt ^xa5 <7)U-<y issfft%xf7*—l3 

[0 0 5 1 ] ftoT, *flfliB2 (a) ICtfhM 5 fl 
O^T^f+ffliJ/SAF 1 1 -AF 5 9(Dy * — tJ ^{tLW.^: 

t\ 0 3 (a) Ic^i-J; 9 1-, 7 -f—yuK 2 4\ztt 

,fe^C0-^^#g(7)f+ffliJ^AF 2 1 , AF23, A 
F 2 9SI>'8*7^-/U K2 4rtC0fH*SBcof+»J^A 
F32, AF3 4, AF3 8^fy^/^^4 

5 0 Sfc, 03 (b) d^-TJ; 9 fc, U%7 4 — 

DC0ftiiJ^^(D^#@COf+ffl^AF 4 1 , AF4 3, 

AF 4 9StfB*7^-/U K2 4^<7>fPI£fc#gO 
H-ffliJ^AF3 2 f AF3 4, AF3 8^fy//l/ 40 

[0 0 5 2] *y ^ h^^r-y >^7t0#(D^^~^ 
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9 z u-<y >^^x-v J 4(^Kft^^Jffli$n6 0 ;l<e>4§ 
£\ ^«>tHPJSlxfcje*lca-5v^TB3t7>r-/^K2 4 

tc, 0U;t(£!g2yij2 5 BOf+SJJ^Bff^o-^v^y 
j&T9^^JbDfigJ8c2 6 C0^7^- — ^7^{i@(D|+SiJ^tT^> 
six, t©ftB4 (b) lC*1-«fc 5lCi>3i^±0««2 6 
* s »*7-r— K2 4rtlcigLfci:#ic, i4 (a) tr 

[0 0 5 3 ] m5ltt&\<DZ W<y — i?4RTf 

r^fM^^u -com 5 ic^i^t, z^yy^ 

X-v ? 4 0±®SFPW^Ta^tt'±iC3<@^^2 8A- 

2 8 CSr^LT3tfiF$ixT*5?) , #1S2 8A-2 8C 

5 0 #£,&2 8 A- 2 8 C<Z>#«*SrBI«Ei-Sr. ktz£ 

5 0 #3L&2 8 A-2 8C<z>ifffiF(c:tt-tix**^ #3£/K 
CO^^- — #;*#|^£tt*&«x.Ji0. 0 1 /i mgg;^ 
^Wft-effffl-CtSiftS-fe^*— 2 9 A-2 9 C*S»9 
tttfbtlT^£ 0 ft*3, :7;j- — ^^fa (Z*T&]) —CO 

[0 0 5 4] Z U^!) y^f-i/40U"<y 
Sr«J«-f-5fc«>tC, 3EftJ$1^2 2 A(4^^/U^gf53 0 A 

ttftflv Srfitl&i-So 7-<;^»3 0AX(;3 0BIK 

fcffl^Sri»»SS3 1 tC«#&L, i*lf^2 2A{«i 
a 3 l«ctt^^N5±^lt*jPt*i:i-S«*ojffi«w 

(X, Y) ^r«t5 0 {RKCg(3 lfi. IiW (X, 
Y) M2 0(Di^f^^t»a5 3 2 A-3 2C 

— 32 CiZte^th^ftimZ-t^y-— 2 9 A— 2 9 C^b 

5:^2 9 a- 2 9c<Dm>tE<Dm£<Dmmt>m$zti. # 

gH£Jb$|S3 2 A— 3 2 Ctt-tiX j en3E^2 9 A— 2 9 CCO 
[0 0 5 5] CttfCj;^, ^7^>'^5(7)B7tffi^^ :3 ^^> 

M^ttlciS^^tLS^, :^i:7^/^ai3 0AM 

3 0 B (Mfr&CDteTMiZ X V , ^^ty*^^y>^ 

cojC^jaiK»fm [Hz] j)^*ir^K!ly 
/^ISfn [Hz] J:!9 t^^lCaS^^ ttTi> 

fmlilOHz, ^^rt>*^^!i ^^<DJt^M 
Sf n (i 2 H z T*^5 0 
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[0 0 5 61 t/c, 2 8 BXtf 2 8 C#E 

a$nTv^5^iE^ J etL■? f ^^|g»J^TL i , tl2m 

TL 3 fcPf-Si, JE»^CTL lRtfTL 2f*Yftelc3pfr 
ft l BUI±fcElt**t, Kft^T L 3 HtMMfcT L l t 
T L 2 t ©SB 2 «?»»±lCffil Lt ^5. ^LT, S 

JB#*3Rlcj:s;*y 5/ h«oB*7-r-^K2 4*s, ■? 

^5i^>a ;y hffi^cS A s j ±(C{£B LTl^£ 

Wlt'lt, lS2 8A-2 8C^lt^x^ 

4ot^5 0 */c, 5 cQf£3fcB<7):7 * — {£B 

O&^te* 3<@<£>£,6 2 8 A- 2 8 C&ra£*rt:#gffi 
tfcj; *)ftt>tiZ> 0 

SX = Z n X a , SX2 = S„ X. 2 , SMZ = S a AF 
SXZ = E a (AF (X. , Y n ) • X, ) (5) 

SY-Z n Y n , SY2-I„ Y n 2 , SNZ = 2 n AF 
SYZ-S„ (AF (X. , Y. ) • Y. ) (6) 
[0 0 5 9] -t LT, (5) ajtf (6) a&fflV^D: 20 ©»*S:ff5o 

An= (SX • SMZ-M • SXZ) / ( S X 2 — M • SX 2) 
Am= (S Y • SNZ-N - SYZ) / ( S Y 2 - N • SY2) 

^IflftAL (Y n ) #AmJ:^ ft/hgffr£ 

**^v;*ffa (Y^rfii) ©fi^AL (x. ) 

5 0 30 
0i = (2„ AL (Y. ) ) /N (9) 

(AF) = (Z n Z a AF (X. , Y, 

[0 0 6 1] »cfc, ***/htfctHffi-m. ft*it»tfft 
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[0 0 5 7] #0ijrc>U"<y y^lMtf7*-* 

(a) AmA^ntuft 

ifil^mSS^I^^^/u^XJffiSSrX. . fa 
©n#@CD^>^ e /^C0YaE1l^Y n tit, XlfX 

{iBcOfig^AF (X. , Y„ ) -e*"T 0 £fc, 
[0 0 5 8] 

Y„ ) , 



(X. 

<x. 



Y n ) , 



(7) 
(8) 

0 Y = (Z. AL (X, ) ) (1 0) 

[0 0 6 0] (B) 7*-**{iLWWiti& 

y * x&w<D%mmz&^i%ik&imm t ***** 

mWitfrfoV), X liS*:S'J ^« Hi jfe-e ^ * — * ^ ffi 
^^-^^fig^ffiAF (X. , Y n ) fcffl^T. 
(AF) ^f+»-T5 0 



) ) / (M • N) (11) 



AF' = (Max (A F (X. , Y n ) ) +Min(A F (X. , Y n )) / 2 (12) 



fit, i4 (b) iz^-rxo^. %m}£ntcm%£2 e 

*»*7-{-;l/K2 4(C«Lfctt«Ctt, (9) S:. 

do) a;, (12) «;(75«itHJB*0 x , 0v StJ^A 

F' dS^^T, B50380$^2 8A-2 8C*t 
tU^tliS^irV-y— 2 9 A— 2 9 C(D$W\^M:^^mt 40 

*—**mwiz. 3<@©3£^2 8 a—2 8 c&m&f^m 

d 5 ic^-fH^ ^ -/^ K 2 4 rt<Z>7^--^7^fSr«^ 

[0 0 6 2] IP^ ElSlCio^T, B*7>f-/UK2 4 
f0^^^2 8A, 2 8B<DXjjfa(DW\ffi$;Xt , 
8*7>r — /u K2 4 04><bj££3EjS2 8 COX^^K 
Pi£X 2 , Bt*7-f— yuK2 4 <D^*L\&k3c&2 8 ago 
Y*jS]<7>p B mSrY, , B*7>f-^ K2 4C0^^t^: 50 



(Om&ftB* 1S2 8A, 28Bt5i 

^2 8C^«MtLX, : X 2 hCOVcXmii&WmtL 

$^2 8Ai$^2 8BtlCtnfixY, : Y 2 <t 

[0 0 6 3] ^7t, ilBftSsaft-Ctt, 7*-*X{iLW& 

tjmmmmftmmcfccxm*m<k-tz><Dxmm(07 

(a) te, sES^^-^^teBcOffaiJ^ (AF,a "C r> 

(a) C0^^T'(i, 15 0#»§TL1-TL3(C^ 
5X^7^— # Xjyfa&mWilk (TL1) , (TL 
2) RXf (TL3) tt^ix-PixO (SmtlB) tfo^t 
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i"5 0 tit, -t<Z)ffi« 2 6**12 6 (b) tC^-Ti^ 

(DtzftiZ^tlbmm&tZZtllftl, (TLl) = a, 
<TL2) =b, (TL3) =c, l^t£7££fL% 0 Z<D 

»£\ 7*-*MiLW.<r>Wcm& (a FA) T-f+ffliJ£*LT 

^5ffi$E2 6 AW7t- E)6 (a) 
(i#igi*^T L1-TL3 ic*5tt5IEi!ifl:cojK»^-&* 
H6 (b) CD4£^T^#IE1!jATL 1-TL 3 <E>fB®!jfi 10 

[0 0 6 4] gp^, 1?g*£2 6(cP^LTf+SiJ^tt^^^-- 

tiF, , e,x»t50iv 4: ur, ««2 6 AtcHUTW-a 

»****l-CTlF. ' , 0 nX ' Rtffl.T' ^t5 0 4 
fc, 7^-- (A FA) fc«#j&4:<z>X 

* rfej & y # <d m m Sr -t n n a x r ti a y t -r 5 

A F 1 = - F , - 0 , x • A X - 0 , v • A Y (13) 
[0 0 6 5] -^ffilEiA F 1 Srffll>5t. ffJft 2 6 A 

t>*0„ Y te#c<£>J: 

F n =F n ' +AF1 (14) 

0n X =0n/ (15) 

f = (V/j3) /L„ • (L„ /p) 

Sot, **ji*v/i5is*{b'rsfcjajK*f tSEfti- 
z><dx\ *a<crt;*«tt»v*»ffc(c*a()5^B^*) 30 

[0 0 6 8] (D) M7-f;^yy^ 

ii«v//3^«#L*v>fliij»30Sprtt^/j:5o wh, am 
Hft-ceainftG (s) 4:ra*o7>r/^ y v^** 

»fc*5fc»^tt, feiiUBifrG (s) SriSS^— y3i«» 
LTtiCBBBfftF (x) r<&tfc«BB«F (x) * 40 

v(oea«»G (s) (D-m*m7 ( a > tc^u ^en 
jc#«:-#-5ttiiB8*F (x) *B7 (b) (c^-r c m 

[oo6 9] ±ai^i^-^y>r v pr*ttat«s«[ 

ti^: 7>f y y^Mt t'Cf tt*f itSo fiffia 

n (B#raan) <t 015 ( c ) ^3 7at^j 
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0.t = O.*' -0.v (16) 

XV«^A«:ilS*7-y3i3E* (FFT) ffloo^ffi^^ 
/W^-t*flt5*\ i5W3i^M28A-28C 

[0 0 6 6] (C) V^ffi 
d w-Cfil2l5C0 3<BO^A2 8 A— 2 8 C<7XlEtfj£tf<7)1*- 

£ v dr-TS^ fiiSIHftG (s) fimT<a«K«<*ix 

G (s) = 1/ (1+T s) (1 7) 

f&U T = 1/ (2ttv) , s = 27if i, "CfeSo 

[0 0 6 7] filtfiSIJ: 5 , fe^mm V/ & 8 0 mm 
/s<7)4§-g\ t y*f^]<Oj£t)ISti v { j: 2 H z ^ 

^ffi*f^]<7)S$^Lo (1 7) 5£^CDj^g& 

= (V/j3) /p (18) 

y tit. m 1 5 (d) CO*^3 7 B&U*3 8 B 

[0 0 7 0] ±)£ooj; *M-CJ±*J^<7>#i>'3 y 

m^wt^mz^^xmm-f-^o ms (a) 

±^v^3 ^ h^«S A,, o«*tr»tooT^6, 
9^3 y h^i^JcS A I2 &I>*S A 13 — ^;K7)/^- 
^Sr«*i-6»-fr^*3lE*feS:*-i-o Z.(Dms (a) (C 

^WSAn^K^^o^^, MttiSfflmT 
^Pfl(c^^/N^XttRt/Ytt(c»LT^fe(C»il!iS-ti- 
T, 9l©i/3 y h««SA ls OT«0)ifieS:a»*^ 

TiS^iS^^Bb-r^raicY^r^^PflRSA L^i^R 
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[0071] *<D&<omtE. mmr t2 (Dm^, $ 
»wt,u w*jiiiniiT ls ai«i*j(iiBT.afcBi8 (c) 

&V»*JBWT i ,*:H8 (b) tC^-T 0 U^/W 

W-CI4H8 (a) ©±3lc»5<z>^3 y 

5 & S a 5 ft v ^ $> % u ^ ^ / WI'j co ^ x — *J <o W) l* Y $4 

(c) jC*i-«t5K, »P«it»IIBT, 1 ^b«|3ej(lR|T, 9 
[0 0 7 2] *«T*ttffi««tbi:7>r^* y >^$jm<b 

t% u~<y >?Rx$y*-*^^yf%(Dfc&&z^m-t 

LT\ St7-fW y v^^tT5 i fto#ioi-e 20 

[0 0 7 3] gl 7 (a) (OipJce^HftG 

(s) fls^A.&it, rofilBSSG (s) ct^i^^-y 
it«t*l7 (b) cofiEMifcF (x) ^cofi 

iiSF (x) (DjjR^j&^if D7^4WfiS A L 

£*#>5 0 :^ftaL^\ 18 (a) tc^i-J; 5l-> 
B^v^a s/ Hl« S A, s ^©f *wfc6i:»»C8t 

[0 0 7 4] U^^/KO*D«ii»nT tI fCjfrL 

t, ^ai^oaoijlififfllBTt.^/hSv^fc*, *3ffl (Tr ] 30 

< ' (V/j3) (T R i — T* i ) , <Dt$teX/\—Zfy h<D 
{STfCft&ftV^ A L > (V//3) ( T R i — Ti i) , 
Ot#li^I/-^yh©fiTt45. &*3, AY-AL 
- (V//3) (T..-T,,) , T*41x5ftifAYIitt 
tiiltt^ Lt^lLT^), 6^BBKG (s) t|^«©7 

So 

[0 0 7 5] #C*C N *#J(£>* y y h^^r^>-®7t^c7) 

£af i i-af5 9^t, ^ y y Mfctf>R5te:7 >f — 

^K2 4rt©tffl]^AF 3 1— AF 3 9 <D :7 
B^S+9J*S*S:fflV^5i&^. HP*>M-»J/&AF 3 1-AF 

m&tmm<D m^t&mmmm] ^x^>mm^nt>ti so 
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5o *0iJ(D^^y^(7)^^^>'^iY^^)^(i- Y^T 

r^-tT^tL^cOT'. g)fe7^-/l/K2 4i;^Lt^ 

[0 0 7 6] ftK&Mtt&tt, 0 2 (a) K «t 9C7)^3i 
^^1*7^~/U K2 4{C*rLT~Y^f6)(C^^r-wr 
54i-frfCtt, *3E<D#BJ(7)W-9J^AF 4 1 ~AF 4 9, 
AF 5 1-AF 5 9^^e>ti^V^/^S^al^-r^> w £ 

(s) cwtt, HBS^«F««*jc»-rsiiffi»stt 

I 1-G (s) I 4: ft 5, (IU Z<Oii«|RajCtttttt 

r«)|RS6ttl- I G (s) | ftC0"C\ »4ffiF^)fiSIIB/} 
[0 0 7 7] 19 (a) fit**4:l^«^«^:ffiB«»Sr 
3 9 AXVSIIRfc:»^snfc7*— 

*S38b^l, ii9 (b) nftm^mffl&n^tzm 
&<D%mk^%7*-$x&mzMifc'tz>&m4 oar 

ate, 3feR*»JW^»^BSffi«tiit*ffi«toJSF 
b©tt4fBPfcft5 0 ttoT, 3tUt*««l-CH:j|fi4ffiF(Oe 

[0 0 7 8] U gt^at^<f c ^(c N y > 

(ffi««H»fe-CHt) ftcor% jtefc**MW*rfif5i:, ^=^r 
Y^*[Rjr*fi2. 5H z@H(^^^/i/^ y 

m t It, 5 (=80/(2 tc*2. 5)) mm^/^60|^)^^ 

[0079] ^(Dtibb^ mi 7<nm&tmm\^, v^-^ 

[0 0 8 0] El 10 (a) fi, ar*fi:BW]»S:fifofc» 
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f n^2Hz O^cOft^ D <^ — ^ F 
'<7^-*S£?IL, MA9S^B9(j:*l^^t 
^ftTCQgl^/^;*-^ S, ftiAlOWBlOli 

Hi 7 (b) (i, ftm^MfflZft^tzm&X\ Rox* 
^>^f^^U^<y V^cO/^^/^SS5cf m^2. 5Hz, 
^^rt^l/^^WMSfn^O. 5 
H z O^CDfft^'^;'-* F(C»f5^7>- 

* S£3tU ffllgA 1 l&tfB 1 1 fi*IC^3r^>;^ io 
ftTGOglM^;*-^ S s ftiA12MB12l»C 

* -T ^faTcDl^H^ v * — * S Sr^-r o 

[0 0 8 1] ^±^(c5tff^J{ST^itBiltb$r^-r 

L^L. *IWIWy7h 

l£/££fr9 t>T*#5o fiP*>, mil (a) fc:*5V> 
T, *:^<7>Btf:fl55 a _LCQgfc5$i«2 6 B tt# 

:7"/U,& (AF£) {C&^T, fg A LtOS^ffft^^-^ 
^ffi«^*tUSixSo ^Ut, Ull (b) ic^-TJ;? 

[0 0 8 2] mil (c) {ZTfk-rx B^feffi 

B)feI5ai:giS»2 6C^feott, ill (d) (C 

af Pttjjc*^±#-rs«r*tT, j t<oasw2 6c-ett 30 

t, ill (e) {CTrci-J; 5fett*#J»«fe"CW-«^C 
fcB#j£*a^^T^5»fr-e, ^x/Ncoi)tl5a(: 
ai«2 6D*fe5i:, ffe^WgiC^til 1 
(f) »c*i-J:5lc, 7^-^77SAFPOTc±# 

^Bftj^frtoixS. 

[0 0 8 3] 5feR*»]»ftw*<cb"f, il^if 
^fi^SiJ^ffit>{ix.Tjo^, 2o<DffiW£fraft»Ttttt 
V^rA(ct5r<h^I^LV\ ^0ijco^* — h — ^7 40 

■a<0«H»ffiJco#»lBI*clttW#-6. 
(F) ^TtfiB^J^ffi 

-x^iiLWRifi'^v >yft<Dmw&n? 0 wh, mi 50 



) ffl¥6 - 2 8 3 4 0 3 

24 

2 (a) ICtjtI-J: B3t 7 4 — ^ K 2 4 icit Lt* 

3SE*ffiJ (Y*[6l) iZ^mMcom 29^12 5 B<7)fH&#B<7) 
f+S'J^^f-^^^4 1 <h LT, B*7-f — yUK2 4f*9 
<7)fg 3 J\\ 2 5 C <EHSf »# g <Z)W-jH^Sr fc * ^'kift t ^ 
So -t LT, W>2J\\2 5 B^^V^U^T^^^- — 
figof+ayft <t ^ 3 JIJ 2 5 C©ty^TO7^-* 

[0 0 8 4] #§2£ij2 5 B&U*g!3?lj2 5 C(Of 

^yy^li?rff?o Sfc, :7*-#*$Wi3\ lift 
7 K2 4rtco^3 3?iJcDfti®J^T-0^^-— ^^f4g 

OfHMIfcffl^T:7;*— 5 □ &*5, Hll 2 
(b) {c^i-J; 5 (c, r^^co^^f -v ^ft^- Y^rfp] 
T*S>5*^IC«, *V^u^li*3 5IJ2 5CRff*4jl| 

?U2 5 B&U*3!3?IJ2 5 C©*W-»J^Ct?©7*-X;^ffl 

[0 0 8 5] (G) ^±%M^Mmfe 
ZCOfiy^X'te, mi 2 (c) (-jf^J: 9 (c, 
/UK 2 4iC*f LT***[fi]JC#lW««)J|Sl3FIJ2 5 A(7)^ 

LT, ^*B3tH!rtc:Ml?iJ2 
5 AOfy7 p /^W7^-^^ffil©fiS:4tttflll 

r*5<„ tit, w-^itnm^y ^ v ^rtom&ff 

V\ fit@atb^miA/uTil3t0#i-^--^ , >'T7l--- 

i yij 2 5 A^tyT 9 /^^^^- ^^ffie^i+iyffi 

[0 0 8 6] ^ttfflt, ^1^IJ2 5 A(7)^if >^ 

■C<z>¥*a{btRTtBT-«>5. ^/b, ^l?U2 5 A^#i^>- 

Hi 2 (d) (c^i-j: 5>(-, ^^^jfe3E*rf6)^-Y* 
r&io^icii, ^5^ij2 5 Eco^Tcof+iij^^-y-^y/w 

LTil^^^5 0 
[0 0 8 7] *CO^rS:T(i, ^ 1?IJ2 5 AiCioV^T^V 

i$#T#5o *fc, -y-^^/u^ii i w^cdt^-v y 

k^?ffl&tf1bZ> 0 mi&\2 5 Aiot^/uAl: 
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tz. *--7^Mmte(DX\ &&y*-**{±LW.Wi\ti^^ 

[0 0 8 8] (H) ^I^^JfflI& 
r^^TM^:, 012 (e) tc^l" <fc ? Id, gf;)t;7^- 
/uK 2 4lc^LT^S^r^] (Y^ft) (^BuffiiJ<£>!f?2?iJ 
2 5 BtD-^^g^ftay^^^^yyW^^ LT, Mfty 

j->vY2 4fr<nmzm2 5 c coffi^# @ ^ t+ay^^t 

If^^/^^-r^o ^LT, |g2?i|2 5 B&l>*fg3?U2 

5 c(7)i^>^ p /^(c^ov>r, i-^m^tm^y 

[0 0 8 9 ] ^2?IJ2 5 BSt/^3?U2 5 C(Df- 

y'^mmxrfoo hi 2 (f) ic^-rj; 9 

/l^Jiffl 3 ?U 2 5CMi4?ij2 5D<0th»WSfl*&»S? 

[0 0 9 0] r<0*«;-Ctt, ^2^J2 5B (Xtt*4yiJ 
2 5D) ^«*7-f-;U K2 4 (Cifflg LT^5 fctf>, 

S?2?iJ2 5 &<n^^jv&x<ny x—XMiiMbW, 
z"9\\<r>t^7>v&x<r>y *— UxiSLSto^-v V yu— 

[0 0 9 1 ] 3fe^*K***S"Ctt, 11 1 3 

(a) - (a) ^i-j:5*c, arftntt, arjt^xvR 

y y^a«iS:ffor^5, mp^, mi 3 ( a ) ic^-rj; 
A\zn^xmmD m%y 4-^*2 4^^ty^ 

4^hmmD(D^-^y p jumm4 2X&&y*-*xiiLW 

&m&ic£zy*-#x<&w<D$mfimi!h£tiz e m 

Ii8mmt^5 0 -t<E>&* H 1 3 (b) (Ztt^Xo^. 
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4 x<oy xizmnftmrnzm^^x ^xfa 

h7^-^^BW^ix5 0 

[0 0 9 2] 113 ( c ) iC^i" ± 5 \Z % v- a y 

FI«SA ©4te4ft*B#Bite 7 -/u K 2 4 IC Ao t # 
(C x ^^^^C0 2<@^i^V^/^F^(0^aj^4 4TO7 

(Dy^-x^fcmconmim^m^^x*- vy*-** 

MftWfTtoitSo Hi 3 (d) l^i-J; ptc, 

a y hWSA^g*7>f-^K2 4S:ffi5 J:?icfto 
fc££tcte, B3t:7^— ywK2 4£S5*HJ«4 4-C<£> 

v >ymm&rft>ti, »*7-f-/uK2 4«:fli5«m* 

4 5TC07^- — *^ffi«OW-»J«[|C*^U^T*— h7^ 

20 [0 0 9 3]-^ »#J5te«5*«l»Pft'Cfc, 0 13 

(e) ~ (h) (c^J:5ic, B3tW*6, Btf^XtfST 

y^rmm&ftix^Zo sp^, hi 3 ( e ) ic^-rj: 

9iC S)tt^#^3 y hf«SA^l*7>f-^K2 
4Cl*j-LTPB E ]PS?D/2 Wjt7^ — ^ K2 v 
*[pj©«^i/2) cofigiciiL/'c^ tic, iS}t:7^- 

/UK 2 4^fe^fflJ^p B ^H|D/2^>7 p y^*4 3AS 

v«3t7^-^ K2 4 frh\h\m\^mmv/ 2(0^-^-7^ 
30 ®«4 3 BXgr&y*—#x&Wikm%i\z£Z>y*-j} 

xtiEn<ovrmi>*mibziriz>a *<o&* in 13 cd ^ 

-tiioi^ '>3^hS«SA^SW3t7^-;vK 
2 4^»«Lfci:#^, «rjt7-f-/UK2 4Sr«5*ttl 

[0 0 9 4] &(C, HI 1 3 ( g ) (C^-T «t 5 (C, ^ 3 y 

vm^Ls A<D9cij$&mmyt y * k 2 4 ic«d/ 2 «r 

40 ftAofci B3fe7>f-/l/K2 4SrI^lll«4 6 

Wt^5o HI 13 (h) fC^-TJ; v'ay 

hffiHES Atmfty <i—fr K2 4 9(-^ofci: 
tlCfi, Uity -T-/UK2 4^rS^I±i«4 6T^C07^ 

^«H»*SfT*>*t, /WK2 4S:«5fi|tb*4 7 

50 *#Jffld*fffc>i'L5 0 Hi 3 J: 9, ^W*«*ffit?f±, Hb 
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5£**^>-g (=D/2) SrSfc^itelt^SsfcJfc^T 1 / 
(0 0 9 5] frfc, ±ili3IJgeiJtw*3^T«, ^^<Dif 

^y^*ff?:tS5-C#5. Hd, Wltliil 7 

faai"<i) isfmmz. 

[0 0 9 6] *38(fl«:±iE||160iJlclSJE$ixr, 20 

r. if2£jl|-c-#>s„ 

[0 0 9 7] 

■c. ^*s«»*sco[aa N #£tt»j#gk©&t-«!j«f&, 

i^T-#SfiL6riS&>S 0 

[0 0 9 8] ^W»J#a«s. £«fl!l*7— i?Sr 30 

it-LT $ tiT ^ -5 1 # K . £«ffll ^ ^ - 

^HSBgW^gjW^F^Wffl^co^,}: 9 &Sl£fCtf>H-ffiiJ 
^firVSgSI^M^T'tS^J^C^fcS, 40 

[0099] sfc #jssfai*a*s. mttmm^ 1 o© 

•taxtf, xy y h**^&#;fr:£ro«g£Bft£Sffiicio 
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ic-g-fr-tir-S r £ SfiJjSASfcS. 
[l9B«>ffi¥&K91] 

[Hi] *«Wlcj:5Bflril»:3£iSB«)-3afi0iJ*siiffl 

[12] (a) »4IIJg0lJlciol^TSj^3t^lcJ;SS5t 
7^-/UKSr^tfffi«lcS»^Jxfc2jlfc7EW/«f^y y h 
ttroMP^^-^lfeSr^rrspffiia. (b) li#,S7*- 

So 

[113] (a) tt*ffi0UT##jftR*&ff Sfc^Olfv 

^a^^-tiiu (b) liis^faic^-t^-rsii-g-T* 

So 

[14] (a) tt7*-#*ffiB«r$tett*-*-S»£-«:>i* 
(b) fi5fe«*Lfc7*-*^fflr«Srfflv^Tai3t 
£ fr 9 4§£- * ^-T H X fo S o 
[1215] HJ£0iJ(7)^- h7^--*^&Of^-- h U-iy V 

[16] 7 * -* xfaw<of\rmffi.<Dffim*m<Di$Lmmx 

f EI 7 ] ( a ) ttlftSH jft# v ^ 1 0 H z C0#^Ogig 

BB*«r*i-H, (b) (ill 7 (a) <oei*BB»S:iSfr7- 

[18] (a) filWt5'>3 y 5» 
^<^«>3i/NCDfLl»Sr^"Ma, (b) .iU^^yucOjfejgH* 
CO^-T * V^^-V— K (c) te^y^^B^^ 

[B9] (a) fi®7tfiz:g$ij«&r*u-<y ^^fRxiy^r 
-*^>'y*ftom&<D&v£ffim*7jk'tm, (b) 

[BIO] ( a ) tt«3tffi««J»ffiS:ffiffl Lfctfr&Oitt 
^^i-[U, (b) tt3feR*M»j6fc«[fflUfc»froftis 

[01 1] (a) Rtf (b) (i5tffi*SiJ«ffitc*3Jt5¥ 
«&fkS**«)lftWH, (c) (d) figi^:fiH*J»^ 

ftom^<D7*-*^%:7F'tm. (e) (f) tt 

[Hi 2] (a) &W (b) tt»3tffi«fSJWSrt?9»^ 
cD^^-^^ffifiOif v^/^^^-r^FBl], (c) & 

t>* (a) n^±9cm&mw%n ?m^(D7 x&m 

<DV>'7;\s&&7jk-f¥ffim, (e) Stf (f) fi^S»J5fe 

[Hi 3] (a) - (d) tt^5tK*#J»ffi-eBJtSr 
fT5»-&o»J»ffi^BlWia, (e) - (h) tt$MM5te«E 
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[Hi 4] (a) tt-«B*4rtT5»^7j*~*^» 

mz^-tm, (b) \*xv y h***>nytiitt9it 
[Hi 5] (a) immm<om±mtm^mt^m^x 

?m&<n7 ^mm&Tft-fm. (c) ai^m 
atigin^-riK (d) v^ft*^-r 

[Hi 6] ^ y y h)R©B3fc7^ Kt^i^l^V 10 
[Hi 7] (a) tt^*^r^*iaioiC»»«[fti:*^* 

ir>'*rpi<orti:*jatt*i:Sr*L< u^y ^ymm& 

*S<otHHS*Sr*i-H, (b) tt***^ft<w£:# 

mm'*?* s ©tHMS*«riSi-ia"c*>5. 

[Hi 8] (a) tt7^~*^ffi«<Z>3piS«Srflav^T* 
— h^*— *^«fP«rtT5ttlB«r*-fBI, (b) Wt7* 20 

7^-^^»J«lSrfT5#tllSS:*i-|a-e*)So 
[Hi 9] (a) f*Hl7 (a) ©*fc«|C jSl^T Mt-¥ 
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i"H, (b) J2H17 (b) C7>ttfig(C^o^TMiC^^- 

4»26^5>-^ S(OW-J|[je*Sr^i-|a-C*)5„ 
[0201 ^^^Xy^~(C*3tt5#^^^—^^fi 

[121] (a) tiH2 OiC*5V^ra»3t**J-«tS« 

htt<OBBP^^ — vflfcSr^-t-spffiig, (b) lii 2 0 <E> 

7 * - # *ffi«tfttH*0v< * - >-jtmfc±<Dm p ^° 

^-v^^-TH, (c) f*H2 0©g5t*±(OSJt*^- 
[«#©lftW] 

2 ^^Yttroft*^— v> 

4 z^yy^f-^ 

5 r^7 J31/> 

8 &Wt3&k 

1 0 U^/UYiElf);*^ — i? 

1 2 

2 2 A EfcftW^ 

2 4 ^ y >y h^ccog7t^^-/UK 

6 2 A — VjgfifcK 

6 9 A g5fcS§ 

7 1 A jf ffel^i 

AF 1 1 -AF 5 9 f+$y,£ 
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